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Abstract 
ORAI1 encodes a calcium channel essential in the store-operated calcium entry 
mechanism. A previous genetic association study identified a rare in-frame insertion 
variant of ORAI1 conferring Kawasaki disease (KD). To deepen our understanding of the 
involvement of rare variants of ORAI1 in KD pathogenesis, we investigated 3812 patients 
with KD and 2644 healthy individuals for variations in the protein-coding region of 
ORAI1. By re-sequencing the study participants’ DNA, 27 variants with minor allele 
frequencies (MAFs) < 0.01 that had not been examined in the previous study were 
identified. Although no significant association with KD was observed either in single- 
variant analyses or in a collapsing method analysis of the 27 variants, stratification by 
MAFs, variant types, and predicted deleteriousness revealed that six rare, deleterious, 
missense variants (MAF < 0.001, CADD C-score ≥ 20) were exclusively present in KD 
patients, including three refractory cases (OR = ∞, P = 0.046). The six missense variants 
include p.Gly98Asp, which has been demonstrated to result in gain-of-function leading 
to constitutive Ca2+ entry. Conversely, five types of frameshift variants, all identified near 
the N-terminus and assumed to disrupt ORAI1 function, showed an opposite trend of 
association (OR = 0.35, P = 0.24). These findings support our hypothesis that genetic 
variations causing the upregulation of the Ca2+/NFAT pathway confer susceptibility to 
KD. Our findings also provide insights into the usefulness of stratifying the variants based 
on their MAFs and on the direction of the effects on protein function when conducting 
association studies using the gene-based collapsing method. 
 
Introduction 
Kawasaki disease (KD, MIM#611775) is an acute systemic vasculitis syndrome, which 
mainly affects children younger than five years of age. Due to the cardiac complication 
represented by coronary artery aneurysms, KD has become the leading cause of acquired 
heart diseases during childhood in developed countries [1, 2]. Genome-wide studies have 
identified several common variants associated with KD susceptibility [3–5]. However, 
the involvement of rare genetic variants, which has been recognized as one of the 
explanations for the “missing heritability” problem in common diseases, in KD 
pathogenesis has been largely uninvestigated. In 2016, we reported associations of a 
common single nucleotide variant (SNV) and a rare in-frame insertion variant of the 
ORAI1 gene with susceptibility to KD [6]. ORAI1 is a gene that encodes a plasma 
membrane calcium channel essential to the store-operated calcium entry (SOCE) 
mechanism in immune cells [7–9] and skeletal muscle cells [10, 11], and is the first gene 
in which both common and rare variants have been associated with KD. Owing to the 
design of our previous study, where we identified variants by re-sequencing 94 patients 
with KD and evaluating their association in a larger case and control panel, it was assumed 
that there remained other rare variants of ORAI1 that were not examined. In this study, to 
deepen the understanding of the involvement of rare genetic variants in KD susceptibility 
and to obtain insight into the role of ORAI1 in KD pathogenesis, a large-scale genetic 
association study was conducted. 
 
Materials and Methods 
The flow of this study is demonstrated in Figure 1. 
 
Samples 
First, 2434 KD samples were collected at several cooperating medical institutes in Japan, 
and 1378 KD samples were obtained from the Japan Kawasaki Disease Genome 
Consortium, which comprises 49 participating medical institutes/hospitals. 
The control samples were all from adult individuals without a history of KD and were 
collected at Keio University (n = 374) or obtained from the Midosuji Rotary Club (n = 
940) and Health Science Research Resources Bank, Osaka (n = 1330). 
 
Ethics 
The ethical committees or institutional review boards at RIKEN, Chiba University, and 
all medical institutes that contributed to the patient samples approved the study. Written 
informed consent was given by all participants. Since KD is a childhood disease and the 
patients were infants or children at the time of enrollment, in most cases, written informed 
consent was obtained from the patients’ parents. When the patients were 16 to 20 years 
old, we received written informed consent from both the patients themselves and their 
parents. 
 
Direct Sequencing 
Protein-coding regions of the ORAI1 gene distributed in exons 1 (303 bp) and 2 (600 bp) 
were re-sequenced by a PCR direct sequencing method. For exon 1, PCR primers were 
also used for direct sequencing, while for exon 2, primers for sequencing were 
additionally designed. The sequencing reactions were performed by using the BigDyeTM 
Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific), and sequencing was 
carried out by an ABI 3770xL or ABI 3130xL sequencer (Applied Biosystems). Variants 
were identified on the SEQUENCHER V4 software (HITACHI). Primer sequences for 
PCR and direct sequencing were demonstrated, and PCR conditions are summarized in 
Supplementary Figure 1. 
 
Association analyses 
Lack of statistical power is a major obstacle in performing association studies of rare 
variants when the number of subjects is not sufficiently large. Combining information of 
multiple rare variants to evaluate the effect as a single variant is one method to overcome 
this problem. [12] We applied the collapsing method to variants for which ≥ 0.75 of 
 
statistic power was not expected to detect association with P < 0.05 under the assumption 
of the odds ratio of 3.0. Association of the individual, as well as collapsed multiple 
variants with KD, were assessed by Fisher’s exact test using the R 3.4.0 statistical 
computing environment. P values < 0.05 were considered significant. 
 
In silico prediction of deleteriousness of the identified variants 
Predictions of the deleteriousness of the ORAI1 variants identified in this study were 
carried out using the Combined Annotation Dependent Depletion (CADD) tool [13]. The 
prediction score (C-score) of 20 corresponded to the top 1% of harmfulness when 
evaluating all known single-base substitutions, and was set as the threshold for creating a 
stratified variants subgroup for collapsing. 
 
Results 
Chromosomal locations, nucleotide and protein changes, the allele frequencies in cases 
of KD and controls, and the protein domains together with the CADD C-scores of the 
identified 34 variants, including 11 novel ones, are summarized in Table 1. These include 
all of the known five common variants (rs3741595, rs3741596, rs3741597, rs3825174, 
and rs3825175) as well as two rare variants (rs141919534 and c.59G>C) that have already 
been identified in our previous study [6]. The 27 variants that have never been evaluated 
for their association with KD include 12 missense (44%), 9 synonymous (33%), 5 
frameshift (19%), and 1 in-frame insertion (4%) variant, and all of them had minor allele 
frequencies (MAF) < 0.01 in the subjects in this study (Table 1). The position of these 
rare variants on the ORAI1 protein domains and the number of subjects presenting each 
variant are shown in Figure 2. All of the alternative alleles of insertion or deletion variants 
were determined by sequencing of the PCR amplicons cloned into plasmids (data not 
shown). 
Of the 27 variants, four (c.12G>T, c.264C>G, c.397G>A, and c.889G>A) had 
relatively high allele frequencies (MAF > 0.001) in the controls, and the others were so 
rare that only up to three minor alleles were observed in the entire sample sets. None of 
the four relatively common variants showed significant association with KD (data not 
shown). When all 27 variants and the variants stratified based on their MAFs (> 0.001 or 
< 0.001) were evaluated as a single variant by the collapsing method, none of them had a 
significant association (Table 2). 
Next, the variants were further stratified based on their deleteriousness using the 
CADD prediction score (C-score). Of 23 variants with MAFs < 0.001, 11 had higher C- 
scores ≥ 20 and included six missense and five frameshift variants. The six deleterious 
missense variants were exclusively identified in patients with KD (OR = ∞, P = 0.046). 
The clinical feature of the six KD patients was summarized in Table 3. Three of the six 
were refractory cases, who did not respond to at least two rounds of the standard 
intravenous immunoglobulin (IVIG) treatment (2 g/kg) and required additional therapies. 
The three included two patients who had medium-sized to giant coronary artery 
aneurysms as cardiac complications. Although it was not significant, the five frameshift 
variants showed a negative trend of association (OR = 0.35, P = 0.24). 
 
 
 
Discussion 
ORAI1, as part of the SOCE mechanism, plays an essential role in T cell activity. 
Homozygous loss of functional ORAI1 alleles causes an autosomal recessive immune 
deficiency syndrome [9]. ORAI1 is also expressed in hematopoietic cells including B- 
cells [14], dendritic cells [15], neutrophils [16], NK cells [17], platelets [18], and mast 
cells [19]. In our recent study, one common non-synonymous variant (rs3741596) and a 
rare 6-bp insertion/deletion variant (rs141919534) were associated with KD [6]. Based 
on previous studies on Ca2+/NFAT pathway upregulation by susceptibility variants of 
ITPKC and CASP3, in addition to successful clinical studies on cyclosporine A, which is 
an immunosuppressant targeting this pathway for KD [4, 5, 20-22], the two 
abovementioned variants were hypothesized to upregulate ORAI1 channel function. In 
this study, by selecting variants for collapsing according to their MAFs, types, and 
predicted deleteriousness, we observed a significant association in six rare deleterious 
missense SNVs with KD. Although conclusions should be carefully drawn because of a 
lack of exact information on the directions and sizes of the effects due to individual 
variants, the results in this study further support our hypothesis that genetic variants 
leading to Ca2+/NFAT pathway upregulation may confer susceptibility to KD. The idea 
was based on the following two studies. First, we obtained the information showing that 
one of the six rare and deleterious missense variants has a significant gain-of-function 
effect [23]. The p.Gly98Asp mutation was located within the 1st transmembrane region 
of the protein, where amino acids were well conserved throughout the species 
(Supplementary Figure 2). The Gly98 of ORAI1 is a key amino acid that acts as a gating 
hinge for channel opening and closing, and the change from glycine (neutral and 
hydrophobic) to aspartate (acidic and hydrophilic) is known to result in constitutive Ca2+ 
permeability independently of STIM1 [ref. 23, 24]. Second, the five frameshift variants, 
which tended to be negatively associated with KD, were collectively identified in the N- 
terminal cytoplasmic region (Supplementary Figure 3). None of the four transmembrane 
regions of ORAI1, all located downstream of the frameshift-initiating points on the 
variant proteins, would be properly translated because of the incorrect reading frames. 
Thus, the truncated ORAI1 proteins, which had the correct amino acid sequence of 
ORAI1 only in the N-terminal cytoplasmic region and lacked the membrane protein 
properties, would not be expressed on the plasma membrane (Supplementary Figure 4), 
and could not engage in ion conduction. Therefore, the two types of variants, which were 
supposed to have at least partly different functional effects on ORAI1 protein function, 
had the opposite directions of association with KD, and thereby provided an insight into 
 
the role of ORAI1 variants in KD pathogenesis. Of the six KD patients with the rare 
deleterious missense variants, three were refractory cases requiring repeated IVIG 
administration and other treatment options. In particular, an early-onset case, who was 
affected at two months of age, suffered from extremely severe KD. The patient developed 
giant coronary aneurysms in three coronary artery branches and had an acute myocardial 
infarction by occlusion of the right coronary artery on the 34th day of illness (Table 3). 
Considering the low frequencies of the deleterious alleles, the usefulness of sequencing 
the ORAI1 gene at the bedside of acute KD patients seems to be limited. However, the 
accumulation of knowledge about the functional significance of the rare variants, their 
association with KD, as well as the severer manifestations and the degrees of genetic 
penetrance, will pave the way for genetic counseling or testing of the relatives of the 
variant carriers. 
In contrast to the six rare and deleterious missense variants exclusively observed in 
patients with KD, frameshift variants were observed in patients with KD as well as in 
controls. Loss-of-function mutations of ORAI1 have been known to cause an autosomal 
recessive congenital immune deficiency syndrome (IMD9; MIM #61782) [ref. 9]. In the 
familial case of IMD9, both parents of the patients, who were heterozygous for the causal 
mutation and in whose T cells SOCE was partially impaired, were immunologically 
normal. Furthermore, it is also known that some gain-of-function mutations of ORAI1 
cause an autosomal dominant tubular aggregate myopathy (TAM2; MIM #615883) [ref. 
25]. Three independent patients with TAM2 due to a p.Gly98Ser of ORAI1 have been 
reported [26, 27]. In in vitro experiments using exogenously expressed ORAI1 mutant 
proteins, both p.Gly98Ser and p.Gly98Asp similarly lead to a constitutive activation of 
the channel [23, 27]. Given that five other rare deleterious missense variants also have a 
gain-of-function effect on ORAI1 function, and some dominant effects, it was reasonable 
for the control population to lack these types of variants. The different distribution 
patterns of these stratified variants in the study populations might reflect the difference in 
impact of the variants on the cellular activity as well as on the phenotype that individuals 
with the variants would have. It has been reported that ORAI1 has two isoforms, ORAI1α 
with 303 amino acids translated from the first methionine, and ORAI1β, a shorter isoform 
that uses the second (64th position) or the third (71st position) methionine residue as a 
translation initiation codon [28]. The impact of the five frameshift variants in this study 
might be milder than expected, because the shorter isoform that also supports SOCE can 
be translated from all alternative alleles of these variants. 
Collapsing the rare variants has been recognized to be effective in assessing the 
association of rare genetic variants [29]. Usually, common variants are not included in 
 
the collapsing analysis because their high allele frequencies in cases or controls, whether 
they are associated with the trait of interest or not, may interfere with the detection of the 
association of other rare variants. In this study, we found it useful to further stratify the 
rare variants by their MAFs. The MAFs of the rare variants in the controls in this study 
vary from 0.00617 for c.12G>T, with 53 and 32 alternative alleles seen in the cases of 
KD and controls, respectively, to 0.0 for multiple variants observed only in a single or 
few patients with KD. There is a well-recognized model of the relationship between the 
risk allele frequencies and the strength of the genetic effect, in which the smaller allele 
frequencies of the risk-associated variants result in a larger effect size [30, 31]. In this 
context, it seemed reasonable to evaluate the association of rare variants by the collapsing 
method after stratifying them by their MAFs. In contrast to the lack of difference in the 
alternative allele frequencies when the 27 rare variants were collapsed without 
stratification (OR = 0.98, P = 0.87), 23 variants with MAFs < 0.001 showed a positive 
trend of association (OR = 1.84, P = 0.19). 
The opposite trends of association in both missense and frameshift variants were 
indicative of the potential importance of stratifying rare variants in association studies, 
according to their magnitude and the direction of their effects on the protein function. 
Currently, there are a number of computer tools to predict the deleteriousness of genetic 
variants. The results of stratifying the nine rare (MAF < 0.001) missense variants were 
inconsistent among the commonly used prediction tools, including Polyphen-2, SIFT and 
Mutation Taster [32] (Supplementary Table 1). In this study, we used CADD, recognizing 
an advantage of the tool in performing the prediction by integrating multiple prediction 
results and scores, including those from SIFT and PolyPhen-2. The option to evaluate 
synonymous SNVs and deletion/insertion variants was another reason for selecting 
CADD. However, the items utilized to calculate the C-scores during deleteriousness 
evaluations of known causal variants of TAM2 (gain-of-function) [26, 27, 33, 34] and 
IMD9 (loss-of-function) [35–38] with CADD did not seem to be suited to discriminating 
the two variant categories. This resulted in difficulty in precisely inferring the direction 
of the variant effects by in silico tools (Supplementary Table 2). At present, determining 
the true functional effect of each variant by functional assays with Ca2+ imaging or patch- 
clamp techniques using the variant carriers’ lymphocytes, or cultured cell lines transduced 
with the variant channels, is the most suitable and reliable method of stratifying the 
variants for efficient association studies. 
In this study, six insertion/deletion variants were newly identified. Because all of them 
were located within the N-terminal cytoplasmic region, this domain might be a hot spot 
for these types of variants (Supplementary Figure 3). One of these variants was a novel 
 
insertion of 37 bases (c.125_126ins), which was identical to the upstream sequence from 
the inserted position. In ClinVar, two other insertion variants of 37 bases in similar 
positions of ORAI1 (c.126_127insCCGCCGCCGCAGCGGGGACGGGGAGCCCCCG 
GGGGCC; Variation ID: 594718, and c.141_142insCCGCCGCCGCAGCGGGGACGG 
GGAGCCCCCGGGGGCC; Variation ID: 470188) had been registered. Although these 
three variants were not identical, the high similarity of the inserted sequences 
(Supplementary Figure 5) suggests some common mechanism in the generation of the 
variants. 
Previously, we reported a positive association of a six-base insertion variant of ORAI1 
(rs141919534; p.Pro45_Pro46insProPro) with KD. Interestingly, another novel in-frame 
insertion variant (p.Arg32_Arg33insSerArgArg), identified within the same cytoplasmic 
region, was observed in three patients with KD but not in controls. Within the cytoplasmic 
region, there is a domain for interactions with STIM1 (Supplementary Figure 3). The 
similar association trend observed for these two in-frame insertion variants within the N- 
terminal cytoplasmic region may reflect the modulated interaction between ORAI1 and 
STIM1 due to the elongation of this domain and the subsequent increase in Ca2+ influx or 
the duration of the channel opening. 
There are several limitations to this study. First, the exact impacts of the rare and 
deleterious missense variants were not evaluated by biological assays and the prediction 
of deleteriousness was carried out with a single tool. Second, the frequencies of the 
deleterious missense variants identified in this study were so low that the findings cannot 
be immediately applied in clinical diagnosis, even when the gain-of-function effect was 
proven for all six variants. Finally, a correction of multiple testing was not conducted. 
In conclusion, we observed a positive association of deleterious ORAI1 missense 
variants with MAFs < 0.001, including one known gain-of-function mutation in the 1st 
transmembrane region, with KD in a collapsing method analysis. Although it was not 
significant, an in-frame insertion variant in the N-terminal cytoplasmic region showed the 
same association trend as the other in-frame insertion variant within the same protein 
domain that had been identified in our previous study [6]. Conversely, five frameshift 
variants causing N-terminal protein truncation showed the opposite trend of association. 
These observations support our hypothesis that genetic variants leading to upregulation 
of the Ca2+/NFAT pathway confer susceptibility to KD. The usefulness of the collapsing 
method in evaluating the association of mutations and rare variations with diseases may 
be enhanced when MAFs and variant types are taken into account. Currently, there is no 
in silico tool that can predict the direction of the variants’ effect on the protein function. 
Future advances in the precise prediction of the functional impact of the identified 
 
variants (i.e., neutral, gain-of-function, or loss-of-function) may facilitate the assessment 
of their association with diseases. 
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Table 1. Variants of ORAI1  identitied in this study.
KD Control KD Control
rs868908978 122064659 G T 7369 5154 53 32 0.0071 0.0062 c.12G>T p.Glu4Asp 22.5
- 122064700 C CT 7422 5185 0 1 0 0.00019 c.53_54insT p.Ser19Lysfs*69 22.3
-5 122064706 G C 7421 5185 1 1 0.00013 0.00019 c.59G>C p.Gly20Ala 17.7
- 122064722 C T 7421 5186 1 0 0.00013 0 c.75C>T p.Ser25Ser 18.2
-5 122064723 G A 7421 5186 1 0 0.00013 0 c.76G>C p.Gly26Ser 22.4
- 122064742 G GGAGCCGCCG 7419 5186 3 0 0.00040 0 c.95 96insGAGCCGCCG p.Arg32 Arg33insSerArgArg 17.6
- 122064772 C
CGCCGCCGC
CGCAGCGGG
GACGGGGAG
CCCCCGGGG
7422 5185 0 1 0 0.00019
c.125_126insGCCGCCGC
CGCAGCGGGGACGGGG
AGCCCCCGGGGGC 
p.Pro46Glnfs*54 22.7
rs141919534 122064782 GCCACCG6 G 23 4 7399 5182 0.0031 0.00077 c.135 136insCCACCG6 p.Pro45_Pro46insProPro 16.2
- 122064796 CCGCCGTC C 7421 5186 1 0 0.00013 0 c.144_150delCGCCGTC p.Ala49Pro*13 28.1
- 122064803 C CCGCCGTC 7421 5185 1 1 0.00013 0.00019 c.150-151insCGCCGTC p.Thr51Argfs*39 25.6
rs782675422 122064812 G C 7420 5186 2 0 0.00027 0 c.159G>C p.Pro53Pro 15.4
- 122064827 GAGTTA TTTT 7422 5185 0 1 0 0.00019 c.174_179delinsTTTT p.Gln58Hisfs*29 29.7
- 122064837 G A 7421 5186 1 0 0.00013 0 c.184G>A p.Glu62Lys 21.9
rs543433737 122064917 C G 7413 5178 9 8 0.0012 0.0015 c.264C>G p.Ala88Ala 16.0
- 122064946 G A 7421 5186 1 0 0.00013 0 c.293G>A p.Gly98Asp 28.5
-5 122079007 G A 7421 5186 1 0 0.00013 0 c.364G>A p.Ala122Thr 25.2
- 122079030 G A 7420 5186 2 0 0.00027 0 c387G>A p.Val129Val 11.2
-5 122079040 G A 7419 5180 3 6 0.00040 0.0012 c.397G>A p.Val133Met 26.5
rs781980977 122079102 C T 7421 5186 1 0 0.00013 0 c.459C>T p.Asn153Asn 11.3
rs3741595 122079189 C T 5805 3996 1617 1190 0.22 0.23 c.546C>T p.Ile182Ile 7.77
rs782238081 122079291 C T 7422 5185 0 1 0 0.00019 c.648C>T p.Pro216Pro 0.050
rs3741596 122079295 A G 5893 4242 1529 944 0.21 0.18 c.652A>G p.Ser218Gly 0.178
rs782308800 122079300 C T 7422 5185 0 1 0 0.00019 c.657C>T p.Gly219Gly 0.0040
rs782722476 122079313 G T 7421 5186 1 0 0.00013 0 c.670G>T p.Val224Phe 11.1
rs377456337 122079325 G A 7421 5186 1 0 0.00013 0 c.682G>A p.Gly228Ser 18.1
rs200214435 122079336 G A 7421 5186 1 0 0.00013 0 c.693G>A p.Pro231Pro 0.267
rs3741597 122079348 T C 5896 4242 1526 944 0.21 0.18 c.705T>C p.Ala235Ala 0.142
rs781789915 122079419 G A 7421 5186 1 0 0.00013 0 c.776G>A p.Arg259His 25.6
rs3825174 122079429 T C 5890 4240 1532 946 0.21 0.18 c.786T>C p.Val262Val 11.3
rs3825175 122079441 T C 2870 1993 4552 3193 0.39 0.38 c.798T>C p.Thr266Thr 3.88
-5 122079510 A G 7421 5185 1 1 0.00013 0.00019 c.867A>G p.Arg289Arg 12.4
- 122079523 C G 7422 5185 0 1 0 0.00019 c.880C>G p.Leu294Val 18.4
rs555170508 122079527 C T 7421 5186 1 0 0.00013 0 c.884C>T p.Thr295Met 23.5
rs375464035 122079532 G A 7413 5172 9 14 0.0012 0.0027 c.889G>A p.Gly297Ser 19.8
1 Chromosomal positions were based on GRCh37 Patch Release 13 (GRCh37.p13).
2 Subjects with missing genotype data at variant positions in this table were excluded from the calculation of the allele counts.
3 Substitutions were named according to the Human Genome Variation Society guidelines. (den Dunnen JT and Antonarakis SE. Hum Mutat. 2000; 15: 7-12.)
4 C-scores were calculated as a scale of deleteriousness of SNVs and insertion/deletion variants in the human genome by CADD.
5 The variants have been registered in the Japanese Multi Omics Reference Panel (jMORP) database (https://jmorp.megabank.tohoku.ac.jp/201901/).
6 The reference sequences of human genome (NC.000012.11; with 6bp insertion) and transcript (NM 032790.3; without 6bp insertion) differ for this variant. 
dbSNP rsID Position1
Alleles Allele counts2 Minor Allele Frequency
KD Control
C-score4
Reference Alternative
Reference Alternative
Nucleotide Protein
Substitution3
Table 2. Association of the newly identified rare variants of ORAI1  gene with KD 
KD2
n = 3711
Control2 
n = 2593
All variants1 27 95 68 0.98 0.87
    Variants with MAF > 0.001 4 74 60 0.86 0.43
         C score<20 2 18 22 0.57 0.08
         C score≥20 2 56 38 1.03 0.92
    Variants with MAF < 0.001 23 21 8 1.84 0.19
         C score<20 12 13 4 2.27 0.22
                  Inframe variants 1 3 0 ∞ 0.27
                  Synonymous variants 8 8 3 1.86 0.54
                  Missense variants 3 2 1 1.40 1
         C score≥20 11 8 4 1.40 0.77
                  Frameshift variants 5 2 4 0.35 0.24
                  Missense variants 6 6 0 ∞ 0.046
1 Variants with minor allele frequencies <0.01 except for c.59C>G and rs141919534 were included in this analysis.
2 Subjects with missing genotype data at variant positions identified in this study were excluded from this analysis.
3  Association in allelic model was evaluated by using Fisher's exact test.
MAF  minor allele frequency; OR  odds ratio.
Number of variants
Number of alternative alleles in the subjects
OR 3 P 3
Table 3. Characteristics of the KD patients with rare deleterious missense variants of ORAI1
Patients Variants Age of onset Gender IVIG regimen Additional therapies CAL Cardiovascular events
#1 p.Gly26Ser 1y2m F 400mg/kg x 5 - - -
#2 p.Glu62Lys 5m M 2g/kg x 2 mPSL pulse, IFX,UTI Medium-sized aneurysms (5~6mm) on RCA and LCX -
#3 p.Gly98Asp 1y8m F 2g/kg x 1 - -
#4 p.Ala122Thr 2m M 2g/kg x 4 - Giant aneurysms (>8mm) on 3 coronary artery branches AMI (day34)
#5 p.Arg259His 1y11m F 2g/kg x 1 - - -
#6 p.Thr295Met 1y11m F 2g/kg x 2 CsA - -
CAL  coronary artery lesion, mPSL  methylprednisolone, IFX  infliximab, UTI  urinary trypsin inhibitor, CsA  cyclosporine A
RCA  right coronary artery, LCX  left circumflex coronary artery, AMI  acute myocardial infarction 
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Figure 1. Flowchart of the study
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Figure 2. ORAI1 protein domains and variants identified in this study.
Positions and amino acid substitutions of the 27 ORAI1 variants identified in this study on the protein domains are shown. Two previously identified rare 
variants (p.Pro45_Pro46insProPro4 and p.Gly20Ala) are also shown. For each modification, the number of individuals with the variant in the 3812 cases 
of Kawasaki disease and 2644 controls is provided between parentheses. The black, red, and purple letters indicate synonymous, missense, and 
deletion/insertion variants, respectively. Variants with a CADD C score ≥20 (five frameshift and eight missense variants) are indicated in boldface.
KD1
n = 3711
Control1 
n = 2593
All rare missense variants 9 8 1 5.6 0.09
Subgroups of rare missense variants stratified by their deleteriousness
   PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/)
        HumDiv
                  Probably-damaging 3 3 0 ∞ 0.27
                  Possibly-damaging 3 3 0 ∞ 0.27
                  Benign 3 2 1 1.4 1
       HumVar
                  Probably-damaging 3 3 0 ∞ 0.27
                  Possibly-damaging 1 1 0 ∞ 1
                  Benign 5 4 1 2.8 0.65
   SIFT (https://sift.bii.a-star.edu.sg/)
                  Deleterious 1 1 0 ∞ 1
                  Tolerated 8 7 1 4.9 0.15
   Mutation Taster (http://www.mutationtaster.org/)
                  Disease_causing 6 6 0 ∞ 0.046
                  Polymorphism 3 2 1 1.4 1
   PredictSNP2 (https://loschmidt.chemi.muni.cz/predictsnp2/)
                  Deleterious 4 4 0 ∞ 0.15
                  Neutral 5 4 1 2.8 0.65
   PhD-SNP (http://snps.biofold.org/phd-snp/phd-snp.html)
                  Deleterious 3 3 0 ∞ 0.27
                  Neutral 6 5 1 3.5 0.41
   PANTHER (http://www.pantherdb.org/tools/csnpScoreForm.jsp?)
                 Probably damaging 4 4 0 ∞ 0.15
                 Possibly damaging 3 2 1 1.4 1
                 Probably benign 2 2 0 ∞ 0.52
   PROVEAN (http://provean.jcvi.org/genome_submit_2.php?species=human)
                 Deleterious 3 3 0 ∞ 0.27
                 Neutral 6 5 1 3.5 0.41
   SNPs & GO (http://snps.biofold.org/snps-and-go/snps-and-go.html)
                  Disease 4 4 0 ∞ 0.15
                  Neutral 5 4 1 2.8 0.65
1 Subjects with missing genotype data at variant positions identified in this study were excluded from this analysis.
2 Association in the allelic model was evaluated by using Fisher's exact test.
MAF  minor allele frequency, OR  odds ratio.
Number of variants
Number of alternative alleles in the subjects
OR 2 P 2
Supplementary Table 1. Results of the association analyses for the 9 rare (MAF<0.001) missense variants stratified by the deleteriousness predicted in different tools 
KD Control
Variants in this study
c.76G>C p.Gly26Ser 0.00013 0 unknown 12 122064723 G A SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.82781457 0.306666667
c.184G>A p.Glu62Lys 0.00013 0 unknown 12 122064837 G A SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.688741722 0.213333333
c.293G>A p.Gly98Asp 0.00013 0 GoF 12 122064946 G A SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.708609272 0.186666667
c.364G>A p.Ala122Thr 0.00013 0 unknown 12 122079007 G A SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.642384106 0.08
c.670G>T p.Val224Phe 0.00013 0 unknown 12 122079313 G T SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.682119205 0.106666667
c.682G>A p.Gly228Ser 0.00013 0 unknown 12 122079325 G A SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.662251656 0.12
c.776G>A p.Arg259His 0.00013 0 unknown 12 122079419 G A SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.57615894 0.146666667
c.880C>G p.Leu294Val 0 0.00019 unknown 12 122079523 C G SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.649006623 0.08
c.884C>T p.Thr295Met 0.00013 0 unknown 12 122079527 C T SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.642384106 0.08
c.53_54insT p.Ser19Lysfs*69 0 0.00019 unknown 12 122064700 C CT INS 1 CodingTranscript FRAME_SHIFT 7 frameshift 0.826666667 0.295302013
c.125_126ins37 p.Pro46Glnfs*54 0 0.00019 unknown 12 122064772 C
CGCCGCCGCC
GCAGCGGGGAC
GGGGAGCCCC
CGGGGGC
INS 37 CodingTranscript FRAME_SHIFT 7 frameshift 0.78 0.281879195
c.144_150delCGCCGTC p.Ala49Pro*13 0.00013 0 unknown 12 122064796 CCGCCGTC C DEL 7 CodingTranscript FRAME_SHIFT 7 frameshift 0.757961783 0.269230769
c.150-151insCGCCGTC p.Thr51Argfs*39 0.00013 0.00019 unknown 12 122064803 C CCGCCGTC INS 7 CodingTranscript FRAME_SHIFT 7 frameshift 0.753333333 0.268456376
c.174_179delinsTTTT p.Gln58Hisfs*29 0 0.00019 unknown 12 122064827 GAGTTA TTTT DEL 5 CodingTranscript FRAME_SHIFT 7 frameshift 0.703225806 0.220779221
c.95_96insGAGCCGCCG p.Arg32_Arg33insSerArgArg 0.00040 0 unknown 12 122064742 G GGAGCCGCCG INS 9 CodingTranscript INFRAME 6 inframe_insertion 0.82 0.295302013
c.135_136insCCACCG p.Pro45_Pro46insProPro 0.0031 0.00077 unknown 12 122064782 GCCACCG G DEL 6 CodingTranscript INFRAME 6 inframe_deletion 0.762820513 0.258064516
c.12G>T p.Glu4Asp 0.0071 0.0062 unknown 12 122064659 G T SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.821192053 0.32
c.59G>C p.Gly20Ala 0.00013 0.00019 unknown 12 122064706 G C SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.821192053 0.28
c.397G>A p.Val133Met 0.00040 0.0012 unknown 12 122079040 G A SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.609271523 0.106666667
c.652A>G p.Ser218Gly 0.21 0.18 unknown 12 122079295 A G SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.675496689 0.093333333
c.889G>A p.Gly297Ser 0.0012 0.0027 unknown 12 122079532 G A SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.642384106 0.08
c.75C>T p.Ser25Ser 0.00013 0 unknown 12 122064722 C T SNV 0 CodingTranscript SYNONYMOUS 5 synonymous 0.82781457 0.293333333
c.159G>C p.Pro53Pro 0.00027 0 unknown 12 122064812 G C SNV 0 CodingTranscript SYNONYMOUS 5 synonymous 0.741721854 0.253333333
c.264C>G p.Ala88Ala 0.0012 0.0015 unknown 12 122064917 C G SNV 0 CodingTranscript SYNONYMOUS 5 synonymous 0.662251656 0.146666667
c.387G>A p.Val129Val 0.00027 0 unknown 12 122079030 G A SNV 0 CodingTranscript SYNONYMOUS 5 synonymous 0.629139073 0.106666667
c.459C>T p.Asn153Asn 0.00013 0 unknown 12 122079102 C T SNV 0 CodingTranscript SYNONYMOUS 5 synonymous 0.609271523 0.106666667
c.546C>T p.Ile182Ile 0.22 0.23 unknown 12 122079189 C T SNV 0 CodingTranscript SYNONYMOUS 5 synonymous 0.629139073 0.093333333
c.648C>T p.Pro216Pro 0 0.00019 unknown 12 122079291 C T SNV 0 CodingTranscript SYNONYMOUS 5 synonymous 0.688741722 0.093333333
c.657C>T p.Gly219Gly 0 0.00019 unknown 12 122079300 C T SNV 0 CodingTranscript SYNONYMOUS 5 synonymous 0.675496689 0.093333333
c.693G>A p.Pro231Pro 0.00013 0 unknown 12 122079336 G A SNV 0 CodingTranscript SYNONYMOUS 5 synonymous 0.675496689 0.146666667
c.705T>C p.Ala235Ala 0.21 0.18 unknown 12 122079348 T C SNV 0 CodingTranscript SYNONYMOUS 5 synonymous 0.662251656 0.16
c.786T>C p.Val262Val 0.21 0.18 unknown 12 122079429 T C SNV 0 CodingTranscript SYNONYMOUS 5 synonymous 0.582781457 0.146666667
c.798T>C p.Thr266Thr 0.39 0.38 unknown 12 122079441 T C SNV 0 CodingTranscript SYNONYMOUS 5 synonymous 0.57615894 0.12
c.867A>G p.Arg289Arg 0.00013 0.00019 unknown 12 122079510 A G SNV 0 CodingTranscript SYNONYMOUS 5 synonymous 0.629139073 0.08
Known variants for TAM2
c.290C>G p.Ser97Cys - - GoF 12 122064943 C G SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.708609272 0.173333333
c.292G>A p.Gly98Ser - - GoF 12 122064945 G A SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.708609272 0.186666667
c.319G>A p.Val107Met - - GoF 12 122078962 G A SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.642384106 0.08
c.412C>T p.Leu138Phe - - GoF 12 122079055 C T SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.59602649 0.106666667
c.551C>T p.Thr184Met - - GoF 12 122079194 C T SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.642384106 0.093333333
c.734C>T p.Pro245Leu - - GoF 12 122079377 C T SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.602649007 0.146666667
Known variants for IMD9
c.258-259insA p.Ala88Serfs*25 - - LoF 12 122064911 T TA INS 1 CodingTranscript FRAME_SHIFT 7 frameshift 0.666666667 0.147651007
c.271C>T p.Arg91Trp - - LoF 12 122064924 C T SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.675496689 0.16
c.292G>C p.Gly98Arg - - LoF 12 122064945 G C SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.708609272 0.186666667
c.308C>A p.Ala103Glu - - LoF 12 122078951 C A SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.642384106 0.08
c.493_494insC p.His165Profs*1 - - LoF 12 122079136 C CC INS 1 CodingTranscript FRAME_SHIFT 7 frameshift 0.62 0.134228188
c.539delC p.Val181Serfs*8 - - LoF 12 122079181 AC A DEL 1 CodingTranscript FRAME_SHIFT 7 frameshift 0.602649007 0.093333333
c.581T>C p.Leu194Pro - - LoF 12 122079224 T C SNV 0 CodingTranscript NON_SYNONYMOUS 7 missense 0.655629139 0.08
c.802C>T p.Arg268* - - LoF 12 122079445 C T SNV 0 CodingTranscript STOP_GAINED 8 stop_gained 0.582781457 0.12
Consequence ConsScore ConsDetail GC CpGRef Alt Type Length AnnoType
MAFs in this study
populationVariants Functional
effects
Chr Pos3
Supplementary Table 2. Full results of CADD for variants identified in this study and previously reported causal variants for TAM2 and IMD9. 
CADD results
Nucletide substitutions1 Protein substitutions2
Nucletide substitutions1 Protein substitutions2 KD Control
Variants in this study
c.76G>C p.Gly26Ser 0.00013 0 unknown 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 56 14
c.184G>A p.Glu62Lys 0.00013 0 unknown 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 56 14
c.293G>A p.Gly98Asp 0.00013 0 GoF 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 94 24
c.364G>A p.Ala122Thr 0.00013 0 unknown 1.43 0 0.066 0.0148 0.0281 0.1238 0.0277 58 51
c.670G>T p.Val224Phe 0.00013 0 unknown 0 0 0.066 0.0148 0.0281 0.0506 0.0047 50 14
c.682G>A p.Gly228Ser 0.00013 0 unknown 0 0 0.066 0.0148 0 0.0506 0 56 18
c.776G>A p.Arg259His 0.00013 0 unknown 0 2.05 0.066 0.0148 0.019 0.0506 0.1206 29 14
c.880C>G p.Leu294Val 0 0.00019 unknown 0 0 0.066 0.0084 0.0043 0.0333 0.0038 32 10
c.884C>T p.Thr295Met 0.00013 0 unknown 0 0 0.066 0.0084 0.0043 0.0333 0.0038 81 11
c.53_54insT p.Ser19Lysfs*69 0 0.00019 unknown 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 NA 9
c.125_126ins37 p.Pro46Glnfs*54 0 0.00019 unknown 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 NA 14
c.144_150delCGCCGTC p.Ala49Pro*13 0.00013 0 unknown 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 NA 12
c.150-151insCGCCGTC p.Thr51Argfs*39 0.00013 0.00019 unknown 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 NA 13
c.174_179delinsTTTT p.Gln58Hisfs*29 0 0.00019 unknown 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 NA 22
c.95_96insGAGCCGCCG p.Arg32_Arg33insSerArgArg 0.00040 0 unknown 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 NA 10
c.135_136insCCACCG p.Pro45_Pro46insProPro 0.0031 0.00077 unknown 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 NA 21
c.12G>T p.Glu4Asp 0.0071 0.0062 unknown 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 0 12
c.59G>C p.Gly20Ala 0.00013 0.00019 unknown 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 60 14
c.397G>A p.Val133Met 0.00040 0.0012 unknown 1.43 0 0.066 0.0148 0.0281 0.1238 0.0277 21 51
c.652A>G p.Ser218Gly 0.21 0.18 unknown 0 0 0.066 0.0148 0.0281 0.0506 0.0047 56 19
c.889G>A p.Gly297Ser 0.0012 0.0027 unknown 0 0 0.066 0.0084 0.0043 0.0333 0.0038 56 11
c.75C>T p.Ser25Ser 0.00013 0 unknown 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 NA 3
c.159G>C p.Pro53Pro 0.00027 0 unknown 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 NA 22
c.264C>G p.Ala88Ala 0.0012 0.0015 unknown 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 NA 6
c.387G>A p.Val129Val 0.00027 0 unknown 1.43 0 0.066 0.0148 0.0281 0.1238 0.0277 NA 51
c.459C>T p.Asn153Asn 0.00013 0 unknown 0 0 0.066 0.0148 0.0281 0.0506 0.0047 NA 29
c.546C>T p.Ile182Ile 0.22 0.23 unknown 0 0 0.066 0.0148 0.0281 0.0506 0.0047 NA 32
c.648C>T p.Pro216Pro 0 0.00019 unknown 0 0 0.066 0.0148 0.0281 0.0506 0.0047 NA 17
c.657C>T p.Gly219Gly 0 0.00019 unknown 0 0 0.066 0.0148 0.0281 0.0506 0.0047 NA 16
c.693G>A p.Pro231Pro 0.00013 0 unknown 0 0 0.066 0.0148 0 0.0506 0 NA 17
c.705T>C p.Ala235Ala 0.21 0.18 unknown 0 2.05 0.066 0.0148 0.019 0.0506 0.1206 NA 21
c.786T>C p.Val262Val 0.21 0.18 unknown 0 2.05 0.066 0.0148 0.019 0.0506 0.1206 NA 21
c.798T>C p.Thr266Thr 0.39 0.38 unknown 0 2.05 0.066 0.0148 0.019 0.0506 0.1206 NA 36
c.867A>G p.Arg289Arg 0.00013 0.00019 unknown 0 2.33 0.066 0.0084 0.0127 0.0333 0.1427 NA 7
Known variants for TAM2
c.290C>G p.Ser97Cys - - GoF 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 112 24
c.292G>A p.Gly98Ser - - GoF 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 56 24
c.319G>A p.Val107Met - - GoF 1.43 0 0.066 0.0148 0.0257 0.1238 0.0277 21 30
c.412C>T p.Leu138Phe - - GoF 1.43 0 0.066 0.0148 0.0281 0.1238 0.0277 22 9
c.551C>T p.Thr184Met - - GoF 0 0 0.066 0.0148 0.0281 0.0506 0.0047 81 30
c.734C>T p.Pro245Leu - - GoF 0 2.05 0.066 0.0148 0.019 0.0506 0.1206 98 9
Known variants for IMD9
c.258-259insA p.Ala88Serfs*25 - - LoF 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 NA 25
c.271C>T p.Arg91Trp - - LoF 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 101 8
c.292G>C p.Gly98Arg - - LoF 3.42 3.32 0.4032 0.0281 0.7425 0.3104 0.1044 125 24
c.308C>A p.Ala103Glu - - LoF 1.43 0 0.066 0.0148 0.0257 0.1238 0.0277 107 30
c.493_494insC p.His165Profs*1 - - LoF 0 0 0.066 0.0148 0.0281 0.0506 0.0047 NA 24
c.539delC p.Val181Serfs*8 - - LoF 0 0 0.066 0.0148 0.0281 0.0506 0.0047 NA 40
c.581T>C p.Leu194Pro - - LoF 0 0 0.066 0.0148 0.0281 0.0506 0.0047 98 56
c.802C>T p.Arg268* - - LoF 0 2.05 0.066 0.0148 0.019 0.0506 0.1206 NA 24
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Supplementary Table 2. (continued). 
Nucletide substitutions1 Protein substitutions2 KD Control
Variants in this study
c.76G>C p.Gly26Ser 0.00013 0 unknown 46.6 5.28 91.64 2.06982 0 2 16 15 3.32 16
c.184G>A p.Glu62Lys 0.00013 0 unknown 68.72 5 150.6 68.7179 0 2 16 15 3.32 16
c.293G>A p.Gly98Asp 0.00013 0 GoF 55.4 4 86.96 178.832 0 2 16 15 3.32 16
c.364G>A p.Ala122Thr 0.00013 0 unknown 8 11.96 4.64 272.325 0.8 2 2.95 2.74 1.21 1.58
c.670G>T p.Val224Phe 0.00013 0 unknown 7.28 7.4 2 190.837 0.9 2 2.95 2.74 1.21 1.58
c.682G>A p.Gly228Ser 0.00013 0 unknown 8 7.12 2.4 215.261 1.3 2 2.95 2.74 1.21 0
c.776G>A p.Arg259His 0.00013 0 unknown 11 6 2 242.996 0.5 4 2.95 2.74 1.21 0
c.880C>G p.Leu294Val 0 0.00019 unknown 8.72 4.84 2 187.56 3.7 2 1.72 2.56 0 0
c.884C>T p.Thr295Met 0.00013 0 unknown 8 4 2 187.666 3.3 2 1.72 2.56 0 0
c.53_54insT p.Ser19Lysfs*69 0 0.00019 unknown 46.6 5.28 91.64 2.06982 0 2 16 15 3.32 16
c.125_126ins37 p.Pro46Glnfs*54 0 0.00019 unknown 52.36 6 126.16 0.413963 0 2 16 15 3.32 16
c.144_150delCGCCGTC p.Ala49Pro*13 0.00013 0 unknown 64.44 5 150.24 40.3717 0 2 16 15 3.32 16
c.150-151insCGCCGTC p.Thr51Argfs*39 0.00013 0.00019 unknown 64.44 5 150.24 40.3717 0 2 16 15 3.32 16
c.174_179delinsTTTT p.Gln58Hisfs*29 0 0.00019 unknown 68.72 5 150.6 62.0945 0 2 16 15 3.32 16
c.95_96insGAGCCGCCG p.Arg32_Arg33insSerArgArg 0.00040 0 unknown 48.84 6 111.08 1.24189 0 2 16 15 3.32 16
c.135_136insCCACCG p.Pro45_Pro46insProPro 0.0031 0.00077 unknown 56 4.28 137.4 20.1858 0 2 16 15 3.32 16
c.12G>T p.Glu4Asp 0.0071 0.0062 unknown 41.64 4.04 53.44 9.25185 0 2 16 15 3.32 16
c.59G>C p.Gly20Ala 0.00013 0.00019 unknown 46.6 5.28 91.64 2.06982 0 2 16 15 3.32 16
c.397G>A p.Val133Met 0.00040 0.0012 unknown 7.36 12.36 4 300.777 1.1 2 2.95 2.74 1.21 1.58
c.652A>G p.Ser218Gly 0.21 0.18 unknown 4.56 7 2 157.13 0.6 2 2.95 2.74 1.21 1.58
c.889G>A p.Gly297Ser 0.0012 0.0027 unknown 8 4 2 174.943 2.8 2 1.72 2.56 0 0
c.75C>T p.Ser25Ser 0.00013 0 unknown 46.6 5.28 91.64 2.06982 0 2 16 15 3.32 16
c.159G>C p.Pro53Pro 0.00027 0 unknown 64.44 5 150.24 43.0522 0 2 16 15 3.32 16
c.264C>G p.Ala88Ala 0.0012 0.0015 unknown 65.4 3.36 102.96 135.366 0.4 2 16 15 3.32 16
c.387G>A p.Val129Val 0.00027 0 unknown 7.36 12.36 4 306.467 1.2 2 2.95 2.74 1.21 1.58
c.459C>T p.Asn153Asn 0.00013 0 unknown 4.84 8 2.28 337.38 0.4 2 2.95 2.74 1.21 1.58
c.546C>T p.Ile182Ile 0.22 0.23 unknown 2.96 8.56 3 255.415 0.7 2 2.95 2.74 1.21 1.58
c.648C>T p.Pro216Pro 0 0.00019 unknown 4.56 7 2 167.945 0.6 2 2.95 2.74 1.21 1.58
c.657C>T p.Gly219Gly 0 0.00019 unknown 7.28 7.4 2 159.376 0.7 2 2.95 2.74 1.21 1.58
c.693G>A p.Pro231Pro 0.00013 0 unknown 8 7.12 2.4 233.889 1.7 2 2.95 2.74 1.21 0
c.705T>C p.Ala235Ala 0.21 0.18 unknown 8 7.12 2.4 263.257 1.9 4 2.95 2.74 1.21 0
c.786T>C p.Val262Val 0.21 0.18 unknown 9.72 5.44 2 232.137 0.8 4 2.95 2.74 1.21 0
c.798T>C p.Thr266Thr 0.39 0.38 unknown 9.72 5.44 2 208.023 1.2 4 2.95 2.74 1.21 0
c.867A>G p.Arg289Arg 0.00013 0.00019 unknown 8.72 4.84 2 209.428 3.5 4 1.72 2.56 0 0
Known variants for TAM2
c.290C>G p.Ser97Cys - - GoF 55.4 4 86.96 179.246 0 2 16 15 3.32 16
c.292G>A p.Gly98Ser - - GoF 55.4 4 86.96 178.832 0 2 16 15 3.32 16
c.319G>A p.Val107Met - - GoF 6.44 9.16 3 100.801 1.9 2 2.95 2.74 1.21 1.33
c.412C>T p.Leu138Phe - - GoF 8 11 4 283.565 0.8 2 2.95 2.74 1.21 1.58
c.551C>T p.Thr184Met - - GoF 2.96 8.56 3 265.764 0.7 2 2.95 2.74 1.21 1.58
c.734C>T p.Pro245Leu - - GoF 10.4 7.72 2.36 253.164 0.7 4 2.95 2.74 1.21 0
Known variants for IMD9
c.258-259insA p.Ala88Serfs*25 - - LoF 65.4 3.36 102.96 133.296 0.4 2 16 15 3.32 16
c.271C>T p.Arg91Trp - - LoF 65.4 3.36 102.96 158.962 0.2 2 16 15 3.32 16
c.292G>C p.Gly98Arg - - LoF 55.4 4 86.96 178.832 0 2 16 15 3.32 16
c.308C>A p.Ala103Glu - - LoF 6.44 9.16 3 116.069 1.4 2 2.95 2.74 1.21 1.33
c.493_494insC p.His165Profs*1 - - LoF 4 8.88 2 384.986 2.1 2 2.95 2.74 1.21 1.58
c.539delC p.Val181Serfs*8 - - LoF 2.96 8.56 3 273.216 0.7 2 2.95 2.74 1.21 1.58
c.581T>C p.Leu194Pro - - LoF 2.76 8.04 2.32 339.45 0.6 2 2.95 2.74 1.21 1.58
c.802C>T p.Arg268* - - LoF 9.72 5.44 2 219.521 1.4 4 2.95 2.74 1.21 0
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CADD results
Nucletide substitutions1 Protein substitutions2 KD Control
Variants in this study
c.76G>C p.Gly26Ser 0.00013 0 unknown 0 0 0 0.016 1033.8 8.98E-138 3.92 3.01 26 32 228.885 NA NA TSS
c.184G>A p.Glu62Lys 0.00013 0 unknown 0 0 0 0 1033.8 8.98E-138 3.99 2.1 19 22 228.885 NA NA TSS
c.293G>A p.Gly98Asp 0.00013 0 GoF 0 0 0 0 1033.8 8.98E-138 3.99 3.99 15 16 228.885 NA NA TSS
c.364G>A p.Ala122Thr 0.00013 0 unknown 0 0 0 0.15 1989.8 5.32E-290 5.52 5.52 NA NA NA NA NA GE2
c.670G>T p.Val224Phe 0.00013 0 unknown 0 0 0 0.15 1989.8 5.32E-290 5.19 3.02 NA NA NA NA NA GE2
c.682G>A p.Gly228Ser 0.00013 0 unknown 0 0 0 0.15 1989.8 5.32E-290 4.44 4.44 NA NA NA NA NA GE2
c.776G>A p.Arg259His 0.00013 0 unknown 0 0 0 0.15 1989.8 5.32E-290 5.46 5.46 NA NA NA NA NA TF2
c.880C>G p.Leu294Val 0 0.00019 unknown 0 0 0 0.15 1989.8 5.32E-290 5.29 3.48 NA NA NA NA NA GE2
p.Thr295Met 0.00013 0 unknown 0 0 0 0.15 1989.8 5.32E-290 5.29 4.38 NA NA NA NA NA GE2
p.Ser19Lysfs*69 0 0.00019 unknown 0 0 0 0.016 1033.8 8.98E-138 3.92 2.67 27 34 228.885 NA NA TSS
c.884C>T
ci.53_54insT
cii.125_126in
s37 
0 0.00019 unknown 0 0 0 0.016 1033.8 8.98E-138 2.05 2.05 24 27 228.885 NA NA TSS
c.144_150delCGCCGTC
p.Pro46Glnfs*5
4
p.Ala49Pro*13 
0.00013 0 unknown 0 0 0 0.008 1033.8 8.98E-138 3.99 3.99 21 25 228.885 NA NA TSS
p.Thr51Argfs* 9 0.00013 0.00019 unknown 0 0 0 0 1033.8 8.98E-138 3.99 3.09 20 23 228.885 NA NA TSS
p.Gln58Hisfs*29 0 0.00019 unknown 0 0 0 0 1033.8 8.98E-138 3.99 3.99 19 22 228.885 NA NA TSS
0.00040 0 unknown 0 0 0 0.016 1033.8 8.98E-138 3.52 2.61 25 30 228.885 NA NA TSS
0.0031 0.00077 unknown 0 0 0 0.016 1033.8 8.98E-138 3.89 3.89 24 27 228.885 NA NA TSS
c.150-151insCGCCGTC
c.174_179delinsTTTT
ci.95_96insGAGCCGCC
G 
c.135_136insCCACCG
c.12G>T 
p.Arg32_Arg33insSerArgAr
g
p.Pro45_Pro46insProPro
p.Glu4Asp 
0.0071 0.0062 unknown 0 0 0 0.016 1033.8 8.98E-138 3.92 3.92 30 40 228.885 NA NA TSS
.59 C . ly20Ala 0.00013 0.00019 unknown 0 0 0 0.016 1033.8 8.98E-138 3.81 3.81 27 34 228.885 NA NA TSS
c.397G>A p.Val133Met 0.00040 0.0012 unknown 0 0 0 0.15 1989.8 5.32E-290 5.52 4.63 NA NA NA NA NA GE2
c.652A>G p.Ser218Gly 0.21 0.18 unknown 0 0 0 0.15 1989.8 5.32E-290 5.28 -0.992 NA NA NA NA NA GE2
c.889G>A p.Gly297Ser 0.0012 0.0027 unknown 0 0 0 0.15 1989.8 5.32E-290 5.29 3.46 NA NA NA NA NA GE2
c.75C>T p.Ser25Ser 0.00013 0 unknown 0 0 0 0.016 1033.8 8.98E-138 3.92 3.92 26 32 228.885 NA NA TSS
c.159G>C p.Pro53Pro 0.00027 0 unknown 0 0 0 0 1033.8 8.98E-138 3.99 1.06 20 23 228.885 NA NA TSS
c.264C>G p.Ala88Ala 0.0012 0.0015 unknown 0 0 0 0 1033.8 8.98E-138 3.99 3.08 14 15 228.885 NA NA TSS
c.387G>A p.Val129Val 0.00027 0 unknown 0 0 0 0.15 1989.8 5.32E-290 5.52 2.54 NA NA NA NA NA GE2
c.459C>T 0.00013 0 unknown 0 0 0 0.15 1989.8 5.32E-290 5.52 4.64 NA NA NA NA NA GE2
c.546C>T 0.22 0.23 unknown 0 0 0 0.15 1989.8 5.32E-290 5.52 -4.92 NA NA NA NA NA GE2
c.648C>T
p.Asn153As
n
p.le182Ile
q.Pro216Pro 
0 0.00019 unknown 0 0 0 0.15 1989.8 5.32E-290 5.52 -11 NA NA NA NA NA GE2
c.657C>T p.Gly219Gly 0 0.00019 unknown 0 0 0 0.15 1989.8 5.32E-290 5.17 -10.3 NA NA NA NA NA GE2
c.693G>A p.Pro231Pro 0.00013 0 unknown 0 0 0 0.15 1989.8 5.32E-290 5.28 - NA NA NA NA NA GE2
c.705T>C p.Ala235Ala 0.21 0.18 unknown 0 0 0 0.15 1989.8 5.32E-290 5.51 NA NA NA NA NA TF2
c.786T>C p.Val262Val 0.21 0.18 unknown 0 0 0 0.15 1989.8 5.32E-290 5.46 NA NA NA NA NA TF2
c.798T>C p.Thr266Thr 0.39 0.38 unknown 0 0 0 0.15 1989.8 5.32E-290 5.46 NA NA NA NA NA TF2
c.867A>G p.Arg289Arg 0.00013 0.00019 unknown 0 0 0 0.15 1989.8 5.32E-290 5.29
7.89 
-11 
5.46 
-2.22 
4.15 NA NA NA NA NA GE2
Known variants for TAM2
c.290C>G p.Ser97Cys - - GoF 0 0 0 0 1033.8 8.98E-138 3.99 3.99 15 16 228.885 NA NA TSS
c.292G>A p.Gly98Ser - - GoF 0 0 0 0 1033.8 8.98E-138 3.99 3.99 15 16 228.885 NA NA TSS
c.319G>A p.Val107Met - - GoF 0 0 0 0.15 1989.8 5.32E-290 5.52 5.52 NA NA NA NA NA TF2
c.412C>T p.Leu138Phe - - GoF 0 0 0 0.15 1989.8 5.32E-290 5.52 5.52 NA NA NA NA NA GE2
c.551C>T p.Thr184Met - - GoF 0 0 0 0.15 1989.8 5.32E-290 5.52 4.63 NA NA NA NA NA GE2
c.734C>T p.Pro245Leu - - GoF 0 0 0 0.15 1989.8 5.32E-290 5.22 4.33 NA NA NA NA NA TF2
Known variants for IMD9
- - LoF 0 0 0 0 1033.8 8.98E-138 3.99 2.82 14 15 228.885 NA NA TSSc.258-259ins
A
c.271C>T 
p.Ala88Serfs*2
5
p.Arg91Trp 
- - LoF 0 0 0 0 1033.8 8.98E-138 3.99 3.01 14 15 228.885 NA NA TSS
. 92G C .Gly 8Arg - - LoF 0 0 0 0 1033.8 8.98E-138 3.99 3.99 15 16 228.885 NA NA TSS
c.308C>A p.Ala103Glu - - LoF 0 0 0 0.15 1989.8 5.32E-290 5.52 5.52 NA NA NA NA NA TF2
p.His165Profs*1 - - LoF 0 0 0 0.15 1989.8 5.32E-290 5.52 5.52 NA NA NA NA NA GE2c.493_494ins
C
c.539delC 
- - LoF 0 0 0 0.15 1989.8 5.32E-290 5.52 5.52 NA NA NA NA NA GE2
. 81T> - - LoF 0 0 0 0.15 1989.8 5.32E-290 5.52 5.52 NA NA NA NA NA GE2
c.802C>T
p.Val181Serfs*
8
p.Leu194Pro
p.Arg268* 
- - LoF 0 0 0 0.15 1989.8 5.32E-290 5.46 3.5 NA NA NA NA NA TF2
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CADD results
Nucletide substitutions1 Protein substitutions2 KD Control
Variants in this study
c.76G>C p.Gly26Ser 0.00013 0 unknown NA NA NA 0.921 0.008 0 0 0.047 0 0.008 0 0 0 0
c.184G>A p.Glu62Lys 0.00013 0 unknown NA NA NA 0.937 0.031 0.008 0 0.008 0 0 0 0 0.008 0.008
c.293G>A p.Gly98Asp 0.00013 0 GoF NA NA NA 0.937 0.031 0.008 0 0.008 0 0 0 0 0.008 0.008
c.364G>A p.Ala122Thr 0.00013 0 unknown NA NA NA 0 0 0 0.488 0.26 0.079 0 0.024 0 0 0
c.670G>T p.Val224Phe 0.00013 0 unknown NA NA NA 0 0 0 0.52 0.236 0.079 0 0.016 0 0 0
c.682G>A p.Gly228Ser 0.00013 0 unknown NA NA NA 0 0 0 0.52 0.236 0.079 0 0.016 0 0 0
c.776G>A p.Arg259His 0.00013 0 unknown NA NA NA 0 0 0 0.551 0.22 0.071 0 0.008 0 0 0
c.880C>G p.Leu294Val 0 0.00019 unknown NA NA NA 0 0 0 0.551 0.22 0.071 0 0.008 0 0 0
c.884C>T p.Thr295Met 0.00013 0 unknown NA NA NA 0 0 0 0.551 0.22 0.071 0 0.008 0 0 0
c.53_54insT p.Ser19Lysfs*69 0 0.00019 unknown NA NA NA 0.921 0.008 0 0 0.047 0 0.008 0 0 0 0
c.125_126ins37 p.Pro46Glnfs*54 0 0.00019 unknown NA NA NA 0.921 0.008 0 0 0.047 0 0.008 0 0 0 0
c.144_150delCGCCGTC p.Ala49Pro*13 0.00013 0 unknown NA NA NA 0.929 0.0195 0.004 0 0.0275 0 0.004 0 0 0.004 0.004
c.150-151insCGCCGTC p.Thr51Argfs*39 0.00013 0.00019 unknown NA NA NA 0.937 0.031 0.008 0 0.008 0 0 0 0 0.008 0.008
c.174_179delinsTTTT p.Gln58Hisfs*29 0 0.00019 unknown NA NA NA 0.937 0.031 0.008 0 0.008 0 0 0 0 0.008 0.008
c.95_96insGAGCCGCCG p.Arg32_Arg33insSerArgArg 0.00040 0 unknown NA NA NA 0.921 0.008 0 0 0.047 0 0.008 0 0 0 0
c.135_136insCCACCG p.Pro45_Pro46insProPro 0.0031 0.00077 unknown NA NA NA 0.921 0.008 0 0 0.047 0 0.008 0 0 0 0
c.12G>T p.Glu4Asp 0.0071 0.0062 unknown NA NA NA 0.921 0.008 0 0 0.047 0 0.008 0 0 0 0
c.59G>C p.Gly20Ala 0.00013 0.00019 unknown NA NA NA 0.921 0.008 0 0 0.047 0 0.008 0 0 0 0
c.397G>A p.Val133Met 0.00040 0.0012 unknown NA NA NA 0 0 0 0.488 0.26 0.079 0 0.024 0 0 0
c.652A>G p.Ser218Gly 0.21 0.18 unknown NA NA NA 0 0 0 0.52 0.236 0.079 0 0.016 0 0 0
c.889G>A p.Gly297Ser 0.0012 0.0027 unknown NA NA NA 0 0 0 0.551 0.22 0.071 0 0.008 0 0 0
c.75C>T p.Ser25Ser 0.00013 0 unknown NA NA NA 0.921 0.008 0 0 0.047 0 0.008 0 0 0 0
c.159G>C p.Pro53Pro 0.00027 0 unknown NA NA NA 0.937 0.031 0.008 0 0.008 0 0 0 0 0.008 0.008
c.264C>G p.Ala88Ala 0.0012 0.0015 unknown NA NA NA 0.937 0.031 0.008 0 0.008 0 0 0 0 0.008 0.008
c.387G>A p.Val129Val 0.00027 0 unknown NA NA NA 0 0 0 0.488 0.26 0.079 0 0.024 0 0 0
c.459C>T p.Asn153Asn 0.00013 0 unknown NA NA NA 0 0 0 0.488 0.26 0.079 0 0.024 0 0 0
c.546C>T p.Ile182Ile 0.22 0.23 unknown NA NA NA 0 0 0 0.488 0.26 0.079 0 0.024 0 0 0
c.648C>T p.Pro216Pro 0 0.00019 unknown NA NA NA 0 0 0 0.52 0.236 0.079 0 0.016 0 0 0
c.657C>T p.Gly219Gly 0 0.00019 unknown NA NA NA 0 0 0 0.52 0.236 0.079 0 0.016 0 0 0
c.693G>A p.Pro231Pro 0.00013 0 unknown NA NA NA 0 0 0 0.52 0.236 0.079 0 0.016 0 0 0
c.705T>C p.Ala235Ala 0.21 0.18 unknown NA NA NA 0 0 0 0.52 0.236 0.079 0 0.016 0 0 0
c.786T>C p.Val262Val 0.21 0.18 unknown NA NA NA 0 0 0 0.551 0.22 0.071 0 0.008 0 0 0
c.798T>C p.Thr266Thr 0.39 0.38 unknown NA NA NA 0 0 0 0.551 0.22 0.071 0 0.008 0 0 0
c.867A>G p.Arg289Arg 0.00013 0.00019 unknown NA NA NA 0 0 0 0.551 0.22 0.071 0 0.008 0 0 0
Known variants for TAM2
c.290C>G p.Ser97Cys - - GoF NA NA NA 0.937 0.031 0.008 0 0.008 0 0 0 0 0.008 0.008
c.292G>A p.Gly98Ser - - GoF NA NA NA 0.937 0.031 0.008 0 0.008 0 0 0 0 0.008 0.008
c.319G>A p.Val107Met - - GoF NA NA NA 0 0 0 0.37 0.37 0.087 0 0.024 0 0 0
c.412C>T p.Leu138Phe - - GoF NA NA NA 0 0 0 0.488 0.26 0.079 0 0.024 0 0 0
c.551C>T p.Thr184Met - - GoF NA NA NA 0 0 0 0.488 0.26 0.079 0 0.024 0 0 0
c.734C>T p.Pro245Leu - - GoF NA NA NA 0 0 0 0.52 0.236 0.079 0 0.016 0 0 0
Known variants for IMD9
c.258-259insA p.Ala88Serfs*25 - - LoF NA NA NA 0.937 0.031 0.008 0 0.008 0 0 0 0 0.008 0.008
c.271C>T p.Arg91Trp - - LoF NA NA NA 0.937 0.031 0.008 0 0.008 0 0 0 0 0.008 0.008
c.292G>C p.Gly98Arg - - LoF NA NA NA 0.937 0.031 0.008 0 0.008 0 0 0 0 0.008 0.008
c.308C>A p.Ala103Glu - - LoF NA NA NA 0 0 0 0.37 0.37 0.087 0 0.024 0 0 0
c.493_494insC p.His165Profs*1 - - LoF NA NA NA 0 0 0 0.488 0.26 0.079 0 0.024 0 0 0
c.539delC p.Val181Serfs*8 - - LoF NA NA NA 0 0 0 0.488 0.26 0.079 0 0.024 0 0 0
c.581T>C p.Leu194Pro - - LoF NA NA NA 0 0 0 0.52 0.236 0.079 0 0.016 0 0 0
c.802C>T p.Arg268* - - LoF NA NA NA 0 0 0 0.551 0.22 0.071 0 0.008 0 0 0
cHmmZnfRpts cHmmHet cHmmTssBiv cHmmBivFlnkcHmmTxFlnk cHmmTx cHmmTxWk cHmmEnhG cHmmEnhmirSVR-Score mirSVR-E mirSVR-Aln cHmmTssA cHmmTssAFlnk
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CADD results
KD Control
Variants in this study
c.76G>C p.Gly26Ser 0.00013 0 unknown tolerated 0.06 benign 0.284 0.823 1 1 0.418 0.972 2.488 692 NA
c.184G>A p.Glu62Lys 0.00013 0 unknown tolerated 0.27 benign 0.007 0.793 0.999 1 0.188 0.422 1.965 692 NA
c.293G>A p.Gly98Asp 0.00013 0 GoF deleterious 0 possibly_damaging 0.844 0.746 1 1 0.188 2.206 5.465 692 NA
c.364G>A p.Ala122Thr 0.00013 0 unknown tolerated 0.06 possibly_damaging 0.611 0.876 1 1 0.587 2.757 6.178 681 NA
c.670G>T p.Val224Phe 0.00013 0 unknown tolerated 0.36 benign 0.312 0.019 0.001 0.001 0.587 1.131 0.817 681 NA
c.682G>A p.Gly228Ser 0.00013 0 unknown tolerated 0.36 benign 0.014 0.182 0.992 0.992 0.587 2.757 2.73 681 NA
c.776G>A p.Arg259His 0.00013 0 unknown tolerated 0.12 probably_damaging 0.997 0.759 1 1 0.587 2.722 4.296 681 NA
c.880C>G p.Leu294Val 0 0.00019 unknown tolerated 0.21 benign 0.086 0.991 0.999 0.93 0.462 0.737 0.934 681 NA
c.884C>T p.Thr295Met 0.00013 0 unknown tolerated 0.09 possibly_damaging 0.536 0.994 0.882 0.898 0.462 1.301 2.503 681 NA
c.53_54insT p.Ser19Lysfs*69 0 0.00019 unknown NA NA NA NA 0.078 0.993 0.686 -0.768 0.664 0.546 692 NA
c.125_126ins37 p.Pro46Glnfs*54 0 0.00019 unknown NA NA NA NA 0.152 0.462 0.787 0.188 1.103 1.107 692 NA
c.144_150delCGCCGTC p.Ala49Pro*13 0.00013 0 unknown NA NA NA NA 0.645 1 1 0.188 2.206 2.879 692 NA
c.150-151insCGCCGTC p.Thr51Argfs*39 0.00013 0.00019 unknown NA NA NA NA 0.66 1 1 0.188 0.998 0.99 692 NA
c.174_179delinsTTTT p.Gln58Hisfs*29 0 0.00019 unknown NA NA NA NA 0.805 1 1 0.188 1.79 2.932 692 NA
c.95_96insGAGCCGCCG p.Arg32_Arg33insSerArgArg 0.00040 0 unknown NA NA NA NA 0.788 1 1 0.188 0.791 1.762 692 NA
c.135_136insCCACCG p.Pro45_Pro46insProPro 0.0031 0.00077 unknown NA NA NA NA 0.176 0.974 0.997 0.166 2.144 1.791 692 NA
c.12G>T p.Glu4Asp 0.0071 0.0062 unknown tolerated 0.1 benign 0.395 0.849 1 1 0.418 2.179 1.953 692 NA
c.59G>C p.Gly20Ala 0.00013 0.00019 unknown tolerated 0.07 benign 0.022 0.131 0.998 0.997 0.418 2.107 2.145 692 NA
c.397G>A p.Val133Met 0.00040 0.0012 unknown deleterious 0 probably_damaging 1 0.943 1 1 0.587 1.469 4.531 681 NA
c.652A>G p.Ser218Gly 0.21 0.18 unknown tolerated 0.52 benign 0 0.001 0 0 -1.117 -0.708 -0.206 681 NA
c.889G>A p.Gly297Ser 0.0012 0.0027 unknown tolerated 0.34 benign 0.056 0.993 0.66 0.94 0.462 0.719 1.719 681 NA
c.75C>T p.Ser25Ser 0.00013 0 unknown NA NA NA NA 0.808 1 1 0.418 2.179 4.196 692 NA
c.159G>C p.Pro53Pro 0.00027 0 unknown NA NA NA NA 0.747 0.999 1 0.188 0.097 0.533 692 NA
c.264C>G p.Ala88Ala 0.0012 0.0015 unknown NA NA NA NA 0.739 1 1 0.188 0.977 0.712 692 NA
c.387G>A p.Val129Val 0.00027 0 unknown NA NA NA NA 0.973 1 0.999 0.587 1.458 0.478 681 NA
c.459C>T p.Asn153Asn 0.00013 0 unknown NA NA NA NA 0.995 1 1 0.587 1.469 2.021 681 NA
c.546C>T p.Ile182Ile 0.22 0.23 unknown NA NA NA NA 0.837 0.777 0.877 -0.478 -1.347 -0.335 681 NA
c.648C>T p.Pro216Pro 0 0.00019 unknown NA NA NA NA 0.021 0 0 -1.127 -2.758 -2.325 681 NA
c.657C>T p.Gly219Gly 0 0.00019 unknown NA NA NA NA 0 0 0 -3.203 -4.374 -4.76 681 NA
c.693G>A p.Pro231Pro 0.00013 0 unknown NA NA NA NA 0.199 0.266 0.001 -0.222 -2.159 -2.702 681 NA
c.705T>C p.Ala235Ala 0.21 0.18 unknown NA NA NA NA 0.033 0.004 0.011 -1.004 -3.457 -3.195 681 NA
c.786T>C p.Val262Val 0.21 0.18 unknown NA NA NA NA 0.671 1 1 0.587 2.722 3.13 681 NA
c.798T>C p.Thr266Thr 0.39 0.38 unknown NA NA NA NA 0.254 0.984 0.655 -0.945 -0.167 -0.438 681 NA
c.867A>G p.Arg289Arg 0.00013 0.00019 unknown NA NA NA NA 0.986 1 1 0.379 0.961 1.117 681 NA
Known variants for TAM2
c.290C>G p.Ser97Cys - - GoF deleterious 0 probably_damaging 0.976 0.764 1 1 0.188 2.206 5.465 692 NA
c.292G>A p.Gly98Ser - - GoF deleterious 0.01 benign 0.345 0.753 1 1 0.188 2.206 5.465 692 NA
c.319G>A p.Val107Met - - GoF deleterious 0.02 probably_damaging 0.962 0.957 1 1 0.587 2.757 4.506 681 NA
c.412C>T p.Leu138Phe - - GoF deleterious 0 probably_damaging 1 0.797 0.951 1 0.587 2.757 6.178 681 NA
c.551C>T p.Thr184Met - - GoF deleterious 0.02 probably_damaging 0.994 0.76 0.996 1 0.587 1.469 4.531 681 NA
c.734C>T p.Pro245Leu - - GoF deleterious 0 probably_damaging 1 0.027 0.992 1 0.587 1.346 3.361 681 NA
Known variants for IMD9
c.258-259insA p.Ala88Serfs*25 - - LoF NA NA NA NA 0.691 1 1 0.158 1.017 2.978 692 NA
c.271C>T p.Arg91Trp - - LoF deleterious 0 probably_damaging 0.997 0.778 1 1 0.188 2.206 3.731 692 NA
c.292G>C p.Gly98Arg - - LoF deleterious 0 probably_damaging 0.967 0.753 1 1 0.188 2.206 5.465 692 NA
c.308C>A p.Ala103Glu - - LoF deleterious 0 probably_damaging 0.978 0.767 0.994 1 0.587 2.757 6.178 681 NA
c.493_494insC p.His165Profs*1 - - LoF NA NA NA NA 0.933 0.99 0.999 0.587 2.757 4.346 681 NA
c.539delC p.Val181Serfs*8 - - LoF NA NA NA NA 0.901 0.967 1 0.578 2.725 6.178 681 NA
c.581T>C p.Leu194Pro - - LoF deleterious 0 probably_damaging 0.998 0.919 1 1 0.478 2.225 5.101 681 NA
c.802C>T p.Arg268* - - LoF NA NA NA NA 0.24 1 1 -0.289 1.413 1.503 681 NA
priPhyloP mamPhyloP verPhyloP bStatistic targetScanPolyPhenCat PolyPhenVal priPhCons mamPhCons verPhConsSIFTcat SIFTval
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Nucletide substitutions1 Protein substitutions2
KD Control
Variants in this study
c.76G>C p.Gly26Ser 0.00013 0 unknown 269 0.125759701 76 0.083333333 26 0.085808581 lcompl NA NA 2 14717
c.184G>A p.Glu62Lys 0.00013 0 unknown 383 0.179055633 190 0.208333333 64 0.211221122 hmmpanther NA NA 116 14603
c.293G>A p.Gly98Asp 0.00013 0 GoF 492 0.230014025 299 0.327850877 100 0.330033003 ndomain 11 DONOR 225 14494
c.364G>A p.Ala122Thr 0.00013 0 unknown 563 0.263207106 370 0.405701754 124 0.409240924 ndomain NA NA 14286 433
c.670G>T p.Val224Phe 0.00013 0 unknown 869 0.40626461 676 0.74122807 226 0.745874587 ndomain NA NA 14592 127
c.682G>A p.Gly228Ser 0.00013 0 unknown 881 0.411874708 688 0.754385965 230 0.759075908 ndomain NA NA 14604 115
c.776G>A p.Arg259His 0.00013 0 unknown 975 0.455820477 782 0.85745614 261 0.861386139 ndomain NA NA 14698 21
c.880C>G p.Leu294Val 0 0.00019 unknown 1079 0.504441328 886 0.971491228 296 0.97689769 hmmpanther NA NA 14802 84
c.884C>T p.Thr295Met 0.00013 0 unknown 1083 0.50631136 890 0.975877193 297 0.98019802 hmmpanther NA NA 14806 88
c.53_54insT p.Ser19Lysfs*69 0 0.00019 unknown 246 0.115007013 53 0.058114035 18 0.059405941 lcompl NA NA 21 14739
c.125_126ins37 p.Pro46Glnfs*54 0 0.00019 unknown 318 0.148667602 125 0.137061404 42 0.138613861 lcompl NA NA 51 14667
c.144_150delCGCCGTC p.Ala49Pro*13 0.00013 0 unknown 343 0.160355306 150 0.164473684 50 0.165016502 hmmpanther NA NA 76 14637
c.150-151insCGCCGTC p.Thr51Argfs*39 0.00013 0.00019 unknown 349 0.163160355 156 0.171052632 52 0.171617162 hmmpanther NA NA 82 14636
c.174_179delinsTTTT p.Gln58Hisfs*29 0 0.00019 unknown 373 0.174380552 180 0.197368421 60 0.198019802 hmmpanther NA NA 107 14608
c.95_96insGAGCCGCCG p.Arg32_Arg33insSerArgArg 0.00040 0 unknown 288 0.134642356 95 0.104166667 32 0.105610561 lcompl NA NA 21 14697
c.135_136insCCACCG p.Pro45_Pro46insProPro 0.0031 0.00077 unknown 329 0.153810192 136 0.149122807 46 0.151815182 lcompl NA NA 62 14652
c.12G>T p.Glu4Asp 0.0071 0.0062 unknown 205 0.095839177 12 0.013157895 4 0.01320132 lcompl NA NA 63 14781
c.59G>C p.Gly20Ala 0.00013 0.00019 unknown 252 0.117812062 59 0.064692982 20 0.066006601 lcompl NA NA 16 14734
c.397G>A p.Val133Met 0.00040 0.0012 unknown 596 0.278634876 403 0.441885965 135 0.445544554 ndomain NA NA 14319 400
c.652A>G p.Ser218Gly 0.21 0.18 unknown 851 0.397849462 658 0.721491228 220 0.726072607 ndomain NA NA 14574 145
c.889G>A p.Gly297Ser 0.0012 0.0027 unknown 1088 0.508648901 895 0.981359649 299 0.98679868 hmmpanther NA NA 14811 93
c.75C>T p.Ser25Ser 0.00013 0 unknown 268 0.125292193 75 0.082236842 25 0.082508251 lcompl NA NA 1 14718
c.159G>C p.Pro53Pro 0.00027 0 unknown 358 0.167367929 165 0.180921053 55 0.181518152 hmmpanther NA NA 91 14628
c.264C>G p.Ala88Ala 0.0012 0.0015 unknown 463 0.216456288 270 0.296052632 90 0.297029703 ndomain NA NA 196 14523
c.387G>A p.Val129Val 0.00027 0 unknown 586 0.273959794 393 0.430921053 131 0.432343234 ndomain NA NA 14309 410
c.459C>T p.Asn153Asn 0.00013 0 unknown 658 0.307620383 465 0.509868421 155 0.511551155 ndomain NA NA 14381 338
c.546C>T p.Ile182Ile 0.22 0.23 unknown 745 0.348293595 552 0.605263158 184 0.607260726 ndomain NA NA 14468 251
c.648C>T p.Pro216Pro 0 0.00019 unknown 847 0.39597943 654 0.717105263 218 0.719471947 ndomain NA NA 14570 149
c.657C>T p.Gly219Gly 0 0.00019 unknown 856 0.400187003 663 0.726973684 221 0.729372937 ndomain NA NA 14579 140
c.693G>A p.Pro231Pro 0.00013 0 unknown 892 0.417017298 699 0.766447368 233 0.768976898 ndomain NA NA 14615 104
c.705T>C p.Ala235Ala 0.21 0.18 unknown 904 0.422627396 711 0.779605263 237 0.782178218 ndomain NA NA 14627 92
c.786T>C p.Val262Val 0.21 0.18 unknown 985 0.460495559 792 0.868421053 264 0.871287129 ndomain NA NA 14708 11
c.798T>C p.Thr266Thr 0.39 0.38 unknown 997 0.466105657 804 0.881578947 268 0.884488449 ndomain NA NA 14720 2
c.867A>G p.Arg289Arg 0.00013 0.00019 unknown 1066 0.498363721 873 0.957236842 291 0.96039604 hmmpanther NA NA 14789 71
Known variants for TAM2
c.290C>G p.Ser97Cys - - GoF 489 0.228611501 296 0.324561404 99 0.326732673 ndomain 14 DONOR 222 14497
c.292G>A p.Gly98Ser - - GoF 491 0.229546517 298 0.326754386 100 0.330033003 ndomain 12 DONOR 224 14495
c.319G>A p.Val107Met - - GoF 518 0.242169238 325 0.356359649 109 0.359735974 ndomain 16 ACCEPTOR 14241 478
c.412C>T p.Leu138Phe - - GoF 611 0.285647499 418 0.458333333 140 0.462046205 ndomain NA NA 14334 385
c.551C>T p.Thr184Met - - GoF 750 0.350631136 557 0.610745614 186 0.613861386 ndomain NA NA 14473 246
c.734C>T p.Pro245Leu - - GoF 933 0.436185133 740 0.811403509 247 0.815181518 ndomain NA NA 14656 63
Known variants for IMD9
c.258-259insA p.Ala88Serfs*25 - - LoF 457 0.213651239 264 0.289473684 88 0.290429043 ndomain NA NA 190 14528
c.271C>T p.Arg91Trp - - LoF 470 0.219728845 277 0.30372807 93 0.306930693 ndomain NA NA 203 14516
c.292G>C p.Gly98Arg - - LoF 491 0.229546517 298 0.326754386 100 0.330033003 ndomain 12 DONOR 224 14495
c.308C>A p.Ala103Glu - - LoF 507 0.237026648 314 0.344298246 105 0.346534653 ndomain 5 ACCEPTOR 14230 489
c.493_494insC p.His165Profs*1 - - LoF 692 0.323515662 499 0.547149123 167 0.551155116 ndomain NA NA 14415 303
c.539delC p.Val181Serfs*8 - - LoF 738 0.345021038 545 0.597587719 182 0.600660066 ndomain NA NA 14461 258
c.581T>C p.Leu194Pro - - LoF 780 0.364656381 587 0.643640351 196 0.646864686 ndomain NA NA 14503 216
c.802C>T p.Arg268* - - LoF 1001 0.46797569 808 0.885964912 270 0.891089109 ndomain NA NA 14724 6
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Nucletide substitutions1 Protein substitutions2
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Variants in this study
c.76G>C p.Gly26Ser 0.00013 0 unknown NA NA NA NA G S ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.184G>A p.Glu62Lys 0.00013 0 unknown NA NA NA NA E K ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.293G>A p.Gly98Asp 0.00013 0 GoF NA NA NA NA G D ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.364G>A p.Ala122Thr 0.00013 0 unknown NA NA NA NA A T ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.670G>T p.Val224Phe 0.00013 0 unknown NA NA NA NA V F ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.682G>A p.Gly228Ser 0.00013 0 unknown NA NA NA NA G S ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.776G>A p.Arg259His 0.00013 0 unknown NA NA NA NA R H ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.880C>G p.Leu294Val 0 0.00019 unknown NA NA NA NA L V ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.884C>T p.Thr295Met 0.00013 0 unknown NA NA NA NA T M ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.53_54insT p.Ser19Lysfs*69 0 0.00019 unknown NA NA NA NA P PX ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.125_126ins37 p.Pro46Glnfs*54 0 0.00019 unknown NA NA NA NA A APPPQRGRGAPGGX ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.144_150delCGCCGTC p.Ala49Pro*13 0.00013 0 unknown NA NA NA NA SAV X ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.150-151insCGCCGTC p.Thr51Argfs*39 0.00013 0.00019 unknown NA NA NA NA - RRX ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.174_179delinsTTTT p.Gln58Hisfs*29 0 0.00019 unknown NA NA NA NA QSY HFX ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.95_96insGAGCCGCCG p.Arg32_Arg33insSerArgArg 0.00040 0 unknown NA NA NA NA R RSRR ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.135_136insCCACCG p.Pro45_Pro46insProPro 0.0031 0.00077 unknown 2 Egr1:MA0162.2 0 NA PP - ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.12G>T p.Glu4Asp 0.0071 0.0062 unknown NA NA NA NA E D ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.59G>C p.Gly20Ala 0.00013 0.00019 unknown NA NA NA NA G A ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.397G>A p.Val133Met 0.00040 0.0012 unknown NA NA NA NA V M ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.652A>G p.Ser218Gly 0.21 0.18 unknown NA NA NA NA S G ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.889G>A p.Gly297Ser 0.0012 0.0027 unknown NA NA NA NA G S ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.75C>T p.Ser25Ser 0.00013 0 unknown NA NA NA NA S S ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.159G>C p.Pro53Pro 0.00027 0 unknown NA NA NA NA P P ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.264C>G p.Ala88Ala 0.0012 0.0015 unknown NA NA NA NA A A ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.387G>A p.Val129Val 0.00027 0 unknown NA NA NA NA V V ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.459C>T p.Asn153Asn 0.00013 0 unknown NA NA NA NA N N ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.546C>T p.Ile182Ile 0.22 0.23 unknown NA NA NA NA I I ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.648C>T p.Pro216Pro 0 0.00019 unknown NA NA NA NA P P ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.657C>T p.Gly219Gly 0 0.00019 unknown NA NA NA NA G G ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.693G>A p.Pro231Pro 0.00013 0 unknown NA NA NA NA P P ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.705T>C p.Ala235Ala 0.21 0.18 unknown NA NA NA NA A A ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.786T>C p.Val262Val 0.21 0.18 unknown NA NA NA NA V V ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.798T>C p.Thr266Thr 0.39 0.38 unknown NA NA NA NA T T ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.867A>G p.Arg289Arg 0.00013 0.00019 unknown NA NA NA NA R R ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
Known variants for TAM2
c.290C>G p.Ser97Cys - - GoF NA NA NA NA S C ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.292G>A p.Gly98Ser - - GoF NA NA NA NA G S ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.319G>A p.Val107Met - - GoF NA NA NA NA V M ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.412C>T p.Leu138Phe - - GoF NA NA NA NA L F ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.551C>T p.Thr184Met - - GoF NA NA NA NA T M ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.734C>T p.Pro245Leu - - GoF NA NA NA NA P L ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
Known variants for IMD9
c.258-259insA p.Ala88Serfs*25 - - LoF NA NA NA NA - X ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.271C>T p.Arg91Trp - - LoF NA NA NA NA R W ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.292G>C p.Gly98Arg - - LoF NA NA NA NA G R ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 1/2
c.308C>A p.Ala103Glu - - LoF NA NA NA NA A E ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.493_494insC p.His165Profs*1 - - LoF NA NA NA NA H PX ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.539delC p.Val181Serfs*8 - - LoF NA NA NA NA T X ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.581T>C p.Leu194Pro - - LoF NA NA NA NA L P ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
c.802C>T p.Arg268* - - LoF NA NA NA NA R * ENSG00000182500 ENST00000330079 ORAI1 CCDS41851.1 NA 2/2
Intron ExonnAA GeneID FeatureID GeneName CCDSmotifECount motifEName motifEHIPos motifEScoreChng oAA
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c.76G>C p.Gly26Ser 0.00013 0 unknown 0 4 10 0 15 96 11 84 660 NA NA 2.427104 22.4
c.184G>A p.Glu62Lys 0.00013 0 unknown 0 0 8 0 12 94 10 85 657 NA NA 2.28617 21.9
c.293G>A p.Gly98Asp 0.00013 0 GoF 0 0 9 0 13 83 10 84 655 NA NA 4.050184 28.5
c.364G>A p.Ala122Thr 0.00013 0 unknown 0 0 7 2 9 63 16 86 634 NA NA 3.528246 25.2
c.670G>T p.Val224Phe 0.00013 0 unknown 0 3 7 3 9 59 16 85 635 NA NA 0.702154 11.11
c.682G>A p.Gly228Ser 0.00013 0 unknown 0 3 8 3 9 59 16 85 635 NA NA 1.882576 18.11
c.776G>A p.Arg259His 0.00013 0 unknown 1 1 7 3 10 63 16 85 641 NA NA 3.620898 25.6
c.880C>G p.Leu294Val 0 0.00019 unknown 0 0 9 3 11 60 16 84 637 NA NA 1.919726 18.44
c.884C>T p.Thr295Met 0.00013 0 unknown 0 0 8 3 11 60 16 84 637 NA NA 2.931664 23.5
c.53_54insT p.Ser19Lysfs*69 0 0.00019 unknown 0 1 12 0 16 99 11 85 661 NA NA 2.408221 22.3
c.125_126ins37 p.Pro46Glnfs*54 0 0.00019 unknown 0 4 9 0 13 95 11 83 658 NA NA 2.558446 22.7
c.144_150delCGCCGTC p.Ala49Pro*13 0.00013 0 unknown 0 4 8 0 12 93 11 83 658 NA NA 4.007381 28.1
c.150-151insCGCCGTC p.Thr51Argfs*39 0.00013 0.00019 unknown 0 4 7 0 12 93 11 82 656 NA NA 3.64353 25.6
c.174_179delinsTTTT p.Gln58Hisfs*29 0 0.00019 unknown 0 1 8 0 12 94 10 84 657 NA NA 4.151042 29.7
c.95_96insGAGCCGCCG p.Arg32_Arg33insSerArgArg 0.00040 0 unknown 0 5 10 0 14 97 11 84 660 NA NA 1.81876 17.59
c.135_136insCCACCG p.Pro45_Pro46insProPro 0.0031 0.00077 unknown 0 4 9 0 13 93 11 83 659 NA NA 1.590498 16.22
c.12G>T p.Glu4Asp 0.0071 0.0062 unknown 0 3 12 0 16 102 11 84 659 NA NA 2.453267 22.5
c.59G>C p.Gly20Ala 0.00013 0.00019 unknown 0 1 12 0 16 98 11 85 661 NA NA 1.828624 17.67
c.397G>A p.Val133Met 0.00040 0.0012 unknown 0 0 6 2 9 66 16 86 636 NA NA 3.806827 26.5
c.652A>G p.Ser218Gly 0.21 0.18 unknown 0 2 6 3 9 59 16 85 637 NA NA -0.402049 0.178
c.889G>A p.Gly297Ser 0.0012 0.0027 unknown 0 0 8 3 11 60 16 84 638 NA NA 2.053456 19.76
c.75C>T p.Ser25Ser 0.00013 0 unknown 0 4 10 0 15 96 11 84 660 NA NA 1.893479 18.21
c.159G>C p.Pro53Pro 0.00027 0 unknown 0 4 8 0 12 93 11 82 656 NA NA 1.405387 15.4
c.264C>G p.Ala88Ala 0.0012 0.0015 unknown 0 0 7 0 14 87 10 84 653 NA NA 1.531731 15.95
c.387G>A p.Val129Val 0.00027 0 unknown 0 0 5 2 9 66 16 86 636 NA NA 0.712754 11.19
c.459C>T p.Asn153Asn 0.00013 0 unknown 0 0 7 2 7 58 16 83 633 NA NA 0.72482 11.28
c.546C>T p.Ile182Ile 0.22 0.23 unknown 1 1 4 3 8 62 16 83 634 NA NA 0.344517 7.766
c.648C>T p.Pro216Pro 0 0.00019 unknown 0 2 6 3 9 59 16 85 637 NA NA -0.575295 0.05
c.657C>T p.Gly219Gly 0 0.00019 unknown 0 3 6 3 9 61 16 85 637 NA NA -0.931471 0.004
c.693G>A p.Pro231Pro 0.00013 0 unknown 0 3 9 3 9 59 16 85 636 NA NA -0.344814 0.267
c.705T>C p.Ala235Ala 0.21 0.18 unknown 0 2 8 3 9 59 16 85 636 NA NA -0.433193 0.142
c.786T>C p.Val262Val 0.21 0.18 unknown 1 1 7 3 10 62 16 85 639 NA NA 0.727637 11.31
c.798T>C p.Thr266Thr 0.39 0.38 unknown 1 1 5 3 10 65 16 85 637 NA NA 0.07674 3.878
c.867A>G p.Arg289Arg 0.00013 0.00019 unknown 0 0 10 3 10 60 16 84 634 NA NA 0.865332 12.35
Known variants for TAM2
c.290C>G p.Ser97Cys - - GoF 0 0 9 0 13 83 10 84 655 NA NA 4.126721 29.4
c.292G>A p.Gly98Ser - - GoF 0 0 9 0 13 83 10 84 655 NA NA 3.545596 25.3
c.319G>A p.Val107Met - - GoF 0 0 10 2 9 69 15 86 634 NA NA 4.100734 29.1
c.412C>T p.Leu138Phe - - GoF 0 0 4 2 7 65 16 86 636 NA NA 3.974581 27.7
c.551C>T p.Thr184Met - - GoF 1 1 4 3 8 61 16 83 634 NA NA 3.601808 25.5
c.734C>T p.Pro245Leu - - GoF 0 1 8 3 9 62 16 85 640 NA NA 3.194295 24.1
Known variants for IMD9
c.258-259insA p.Ala88Serfs*25 - - LoF 0 0 7 0 14 87 10 84 653 NA NA 4.036049 28.3
c.271C>T p.Arg91Trp - - LoF 0 0 8 0 14 86 10 84 652 NA NA 4.321126 32
c.292G>C p.Gly98Arg - - LoF 0 0 9 0 13 83 10 84 655 NA NA 4.204757 31
c.308C>A p.Ala103Glu - - LoF 0 0 9 2 10 70 15 86 634 NA NA 3.996966 28
c.493_494insC p.His165Profs*1 - - LoF 0 0 6 2 8 62 16 83 633 NA NA 4.97035 35
c.539delC p.Val181Serfs*8 - - LoF 1 1 4 3 8 60 16 83 634 NA NA 5.132742 35
c.581T>C p.Leu194Pro - - LoF 1 1 3 3 9 59 16 84 635 NA NA 4.121792 29.3
c.802C>T p.Arg268* - - LoF 1 1 5 3 10 63 16 85 637 NA NA 7.169407 38
Sngl10000bp dbscSNV-ada_score dbscSNV-rf_score RawScore PHRED(C-score)Freq1000bp Rare1000bp Sngl1000bp Freq10000bp Rare10000bpFreq100bp Rare100bp Sngl100bp
MAFs in this study
populationVariants Functional
effects
Supplementary Table 2. (continued). 
1. The nucleotide positions in NM_032790.3 were refered to.
2. The amino acid positions in NP_116179.2 were referred to. Rare (MAFs < 0.001) and deleterious missense variants in this study are written in red characters.
3. Chromosomal positions were based on GRCh37 Patch Release 13 (GRCh37.p13).
4. Amino acid positions of 48th or later in NP_116179.2 are inflated by 2 residues in this column because of the inconsistency of the alleles at rs141919534 (6bp insertion/deletion) in the reference genome (NC_000012.11) and mRNA (NM_032790.3) sequences.
MAF minor allele frequency, TAM2 tubular aggregate myopathy-2, IMD9 immunodeficiency 9, GoF gain-of-function, LoF loss-of-function
CADD results
Supplementary Figure 1. Primer sequences and PCR conditions
A: Nucleotide sequences of the primers used in this study. B and C: Experimental condition for PCR 
amplification of the exon1 (B) and the exon2 (C). The final composition of the PCR buffer has been 
described in a previous literature (Onouchi Y et al. Eur. J. Hum. Genet. 12, 1062-1068).
5'-CTTCTTCGACCTCGTCCTCCTC-3'Exon1-forward
Exon1-reverse
Exon2-forward
Exon2-reverse
Exon2-sequencing-1
Exon2-sequencing-2
5'-GACAAGCCATATCAGAGTCCGG-3
5'-AGCCTGACAGGAGGAGAGCTAG-3' 
5'-CTTCCAGTGCTTTGGCCTTACG-3'
5'-CTCTTCCTAGCTGAGGTGGTG-3'
5'-GATCTTTATCGTCTTCGCCGTC-3' 
A
Primers Sequences
B
2 x GC buffer (Takara) 
2.5mM dNTP (Takara) 
Forward primer (10nM) 
Reverse primer (10nM) 
Ex Taq Hotstart Version (Takara)
DNA (10ng/uL)
DDW
Total
7.5
2.4
0.7
0.7
0.3
2.0
1.4
15
98°C
98°C
62°C
72°C
72°C
15°C
1 min
10 sec
30 sec      37 cycles
1 min
3 min
hold
10 x PCR buffer * 
25mM dNTP (Takara) 
78mM MgCl2
Forward primer (10nM) 
Reverse primer (10nM) 
Ex Taq Hotstart Version (Takara)
DNA (10ng/uL)
DDW
Total
1.5 
0.9 
0.9
1.5 
1.5 
0.3
2.0
6.4
15
98°C
98°C
62°C
72°C
72°C
15°C
1 min
10 sec
30 sec      37 cycles
1 min
3 min
hold
C
Homo sapiens (human)
Macaca mulatta (Rhesus monkey)
Papio anubis (olive baboon)
Pan paniscus (pygmy chimpanzee)
Pan troglodytes (chimpanzee)
Pongo abelii (Sumatran orangutan)
Cebus capucinus imitator
Bos taurus (cattle)
Mus musculus (mouse)
MHPEPAPPP---TTSGSRRSRRRS---SYSEVMSLN---TSALLSGFAMV---GLLIAFSAC---FAVHFYRSLVSHKTD---HPLTPGSHYA    
MHPEPAPPP---TTSGSRRSRRRS---SYSEVMSLN---TSALLSGFAMV---GLLIAFSAC---FAVHFYRSLVSHKTD---HPLTPGSHYA    
     --------PPP---TTSGSRRSRRRS---SYSEVMSLN---TSALLSGFAMV---GLLIAFSAC---FAVHFYRSLVSHKTD---HPLTPGSHYA    
MHPEPAPPP---TTSGSRRSRRRS---SYSEVMSLN---TSALLSGFAMV---GLLIAFSAC---FAVHFYRSLVSHKTD---HPLTPGSHYA    
MHPEPAPPP---TTSGSRRSRRRS---SYSEVMSLN---TSALLSGFAMV---GLLIAFSAC---FAVHFYRSLVSHKTD---HPLTPGSHYA    
MHPEPAPPP---TTSGSRRSRRRS---SYSEVMSLN---TSALLSGFAMV---GLLIAFSAC---FAVHFYRSLVSHKTD---HPLTPGSHYA    
MHPEPAPPP---TTSGSRRSRRHS---SYSEVMSLN---TSALLSGFAMV-- GLLIAFSAC---FAVHFYRSLVSHKTD---HPLTPGSHYA    
MHPEPAPPP---STSGSRRSRRRS---SYSEVMSLN---TSALLSGFAMV---GLLIAFSAC---FAVHFYRSLVSHKTD---HPLTPGSHYA    
MHPEPAPPP---STSGSRRSRRRS---SYSEVMSLN---TSALLSGFAMV---GLLIAFSAC---FAVHFYRSLVSHKTD---HSLTPGTHYA
Gly26 Gly98Glu62 Ala122 Arg259 Thr295Met1 Ala301
Supplementary Figure 2. Amino acid conservation of the 6 rare deleterious missense variants exclusively seen in KD patients.
p.Ala49Profs*13
p.Thr51Argfs*39
p.Gln58Hisfs*29
p.Glu62Lys
p.Ser19Lysfs*69
p.Gly26Ser
p.Pro46Glnfs*54
p.Arg259His
p.Thr295Met
Cytoplasm
Plasma membrane
272-292
70-90
p.Ala122Thr 
N C
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Supplementary Figure 3. Schematic diagram of ORAI1 membrane protein and positions of frameshift and 6 rare deleteri-
ous missense SNVs exlusively seen in KD patients.
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Supplementary Figure 4. Prediction of transmembrane regions in the wild-type and  frame-shifted ORAI1 proteins. 
Transmembrane domains for the wildtype (upper left) and five frams-shifted ORAI1 proteins were predicted by TMHMM Server v. 2.0 
(http://www.cbs.dtu.dk/services/TMHMM/).
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          1   2   3   4   5   6   7   8   9  10  11  12  13  14  15  16  17  18  19  20Wildtype ATG CAT CCG GAG CCC GCC CCG CCC CCG AGC CGC AGC AGT CCC GAG CTT CCC CCA AGC GGC
M   H   P   E   P   A   P   P   P   S   R   S   S   P   E   L   P   P   S   G 
c.125_126ins37    ATG CAT CCG GAG CCC GCC CCG CCC CCG AGC CGC AGC AGT CCC GAG CTT CCC CCA AGC GGC
(p.P46Qfs*54)       M   H   P   E   P   A   P   P   P   S   R   S   S   P   E   L   P   P   S   G
c.126_127ins37    ATG CAT CCG GAG CCC GCC CCG CCC CCG AGC CGC AGC AGT CCC GAG CTT CCC CCA AGC GGC
(p.P46Qfs*54)       M   H   P   E   P   A   P   P   P   S   R   S   S   P   E   L   P   P   S   G
c.141_142ins37    ATG CAT CCG GAG CCC GCC CCG CCC CCG AGC CGC AGC AGT CCC GAG CTT CCC CCA AGC GGC
(p.S48Pfs*52)       M   H   P   E   P   A   P   P   P   S   R   S   S   P   E   L   P   P   S   G
         21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40Wildtype GGC AGC ACC ACC AGC GGC AGC CGC CGG AGC CGC CGC CGC AGC GGG GAC GGG GAG CCC CCG
G   S   T   T   S   G   S   R   R   S   R   R   R   S   G   D   G   E   P   P
c.125_126ins37    GGC AGC ACC ACC AGC GGC AGC CGC CGG AGC CGC CGC CGC AGC GGG GAC GGG GAG CCC CCG
(p.P46Qfs*54)       G   S   T   T   S   G   S   R   R   S   R   R   R   S   G   D   G   E   P   P
c.126_127ins37    GGC AGC ACC ACC AGC GGC AGC CGC CGG AGC CGC CGC CGC AGC GGG GAC GGG GAG CCC CCG
(p.P46Qfs*54)       G   S   T   T   S   G   S   R   R   S   R   R   R   S   G   D   G   E   P   P
c.141_142ins37    GGC AGC ACC ACC AGC GGC AGC CGC CGG AGC CGC CGC CGC AGC GGG GAC GGG GAG CCC CCG
(p.S48Pfs*52)       G   S   T   T   S   G   S   R   R   S   R   R   R   S   G   D   G   E   P   P
         41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60Wildtype GGG GCC CCG CCA CCG CCG CCG TCC GCC GTC ACC TAC CCG GAC TGG ATC GGC CAG AGT TAC
G   A   P   P   P   P   P   S   A   V   T   Y   P   D   W   I   G   Q   S   Y
c.125_126ins37    GGG GCG CCG CCG CCG CAG CGG GGA CGG GGA GCC CCC GGG GGC CCC GCC ACC GCC GCC GTC
(p.P46Qfs*54)       G   A   P   P   P   Q   R   G   R   G   A   P   G   G   P   A   T   A   A   V
c.126_127ins37    GGG GCC CCG CCG CCG CAG CGG GGA CGG GGA GCC CCC GGG GGC CCC GCC ACC GCC GCC GTC
(p.P46Qfs*54)       G   A   P   P   P   Q   R   G   R   G   A   P   G   G   P   A   T   A   A   V
c.141_142ins37    GGG GCC CCG CCA CCG CCG CCG CCG CCG CCG CAG CGG GGA CGG GGA GCC CCC GGG GGC CTC
(p.S48Pfs*52)       G   A   P   P   P   P   P   P   P   P   Q   R   G   R   G   A   P   G   G   L
         61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80Wildtype TCC GAG GTG ATG AGC CTC AAC GAG CAC TCC ATG CAG GCG CTG TCC TGG CGC AAG CTC TAC
S   E   V   M   S   L   N   E   H   S   M   Q   A   L   S   W   R   K   L   Y
c.125_126ins37    CGC CGT CAC CTA CCC GGA CTG GAT CGG CCA GAG TTA CTC CGA GGT GAT GAG CCT CAA CGA
(p.P46Qfs*54)       R   R   H   L   P   G   L   D   R   P   E   L   L   R   G   D   E   P   Q   R
c.126_127ins37    CGC CGT CAC CTA CCC GGA CTG GAT CGG CCA GAG TTA CTC CGA GGT GAT GAG CCT CAA CGA
(p.P46Qfs*54)       R   R   H   L   P   G   L   D   R   P   E   L   L   R   G   D   E   P   Q   R
c.141_142ins37    CGC CGT CAC CTA CCC GGA CTG GAT CGG CCA GAG TTA CTC CGA GGT GAT GAG CCT CAA CGA
(p.S48Pfs*52)       R   R   H   L   P   G   L   D   R   P   E   L   L   R   G   D   E   P   Q   R
         81  82  83  84  85  86  87  88  89    90  91  92  93  94  95  96  97  98  99 100Wildtype TTG AGC CGC GCC AAG CTT AAA GCC TCC AGC CGG ACC TCG GCT CTG CTC TCC GGC TTC GCC
L   S   R   A   K   L   K   A   S   S   R   T   S   A   L   L   S   G   F   A
c.125_126ins37    GCA CTC CAT GCA GGC GCT GTC CTG GCG CAA GCT CTA CTT GAG CCG CGC CAA GCT TAA AGC
(p.P46Qfs*54)       A   L   H   A   G   A   V   L   A   Q   A   L   L   E   P   R   Q   A   *   -
c.126_127ins37    GCA CTC CAT GCA GGC GCT GTC CTG GCG CAA GCT CTA CTT GAG CCG CGC CAA GCT TAA AGC
(p.P46Qfs*54)       A   L   H   A   G   A   V   L   A   Q   A   L   L   E   P   R   Q   A   *   -
c.141_142ins37    GCA CTC CAT GCA GGC GCT GTC CTG GCG CAA GCT CTA CTT GAG CCG CGC CAA GCT TAA AGC
(p.S48Pfs*52)       A   L   H   A   G   A   V   L   A   Q   A   L   L   E   P   R   Q   A   *   -
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Supplementary Figure 5. Nucleotide and and amino acid changes in the three 37-base-insertion variants of ORAI1 gene.
A. Electropherograms of both wildtype (upper; NM_032790.3) and c.125_126ins37 (lower) alleles of ORAI1 gene. The 37 bases
of inserted units are highlighted in red. B. Nucleotide and amino acids sequences of wildtype, c.125_126ins37, c.126_127ins37
and c.141_142ins37 alleles of ORAI1 gene. The inserted sequences and DNA segments identical to the inserted sequences are
shown by red and blue characters, respectively. The only nucleotide different between two highly similar variants (c.125_126ins37
and c.126-127ins37) is highlighted in yellow. Amino acids produced by translation of the altered reading frames were shown in
green characters. The duplicated nucleotides in c.126_127ins37 allele which has been defined in ClinVar
(NC_000012.11:g.122064742-122064778dup) are underlined.
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